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CLINICAL AND EXPERIMENTAL 


AN EVALUATION OF THE PRESERVATION OF HUMAN BLOOD 
STORED IN EXPERIMENTAL PLASTIC CONTAINERS 
I. IN Virro StTupIEs 
Ropert L. Wai, M.D., GEoRGE SHINOWARA, PH.D., BERTHA BouRONCLE, M.D., 


NANNIE K. M. pe LEEuw, M.D., AND CHARLES A. Doan, M.D. 
COLUMBUS, OHIO 


ECENT demands for improved methods of collecting and storing human 
blood for civilian and military use have produced two experimental 
plastie containers differing radically from the conventional glass containers 
now used. In contrast to glass containers, these units have nonwetting sur- 
faces, small volume prior to filling, no need for air vents and, because of the 
ature of the plasties used, a resilience to shock. While these qualities are 
desirable in filling both military and civilian requirements, there remains the 
major eoneern as to the transfusion value of the blood after storage in these 
containers, To answer this question a study follows in which human blood 
was colleeted and stored in these two types of experimental containers, as well 
s in the conventional glass container and then subjected to a series of in vitro 
| in vivo tests. It must be emphasized that this study involves solely a com- 
rison of the effective preservation of blood collected, stored and admin- 
ered by each of the three methods, i.e., the two plastic containers as ecom- 
ed with the conventional glass container, and does not eontrast the indi- 
ial differences in the methods such as wetting versus nonwetting surfaces, 
‘erenees in anticoagulant solutions, ete. 
One of the plastic containers under evaluation consisted of a pliable, 
ly transparent plastic bag with a sealed-in rubber-plastie compound top 
containing 70 ml. of N.ILH, Formula A* anticoagulant solution.t Sepa- 
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“Sodium citrate 22.0 Gm., citric acid 8.0 Gm., dextrose 24.5 Gm., plus water for injection 
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*Manufactured by Abbott Laboratories, North Chicago, III. 
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rate donor and recipient sets made of plastic tubing with conventional dono: 
and recipient needles were supplied by the manufacturer. This container is 
referred to as ‘‘container A’’ throughout these studies. 

The other plastic container consisted of a pliable, nearly transparent unit 
with attached donor tubing and needle, the latter of laminar-flow design and 
coated to be hemo-repellent. An indwelling plastic filter of large pore size, 
as well as two outlet areas were on one end of this bag.* The bag contained 
75 mi. of N.L.H. Formula A anticoagulant solution and is referred to as ‘‘con- 
tainer B’’ throughout these studies. 

The third container was made of glass, capped with a rubber diaphragm ; 
it contained a glass air vent tube, and a vacuum representing the method most 
widely used in this country today.+ It is referred to as “container (” 
throughout these studies. The anticoagulant solution consisted of 120 ml. of 
N.LH. Formula Bi anticoagulant solution. 


PROCEDURE AND METHODS 


Six random male donors were selected at the Columbus Regional Red Cross Blood 
Center. Two were used for each of the three styles of equipment listed above. All con 
tainers were precooled in ice baths and were kept in these ice baths during the bleedings 
and subsequently stored at 4° C. for the duration of the study. Bleedings into containers 
A and B were accomplished by gravity, while bleedings into containers C were by vacuum. 

The containers were sampled aseptically, after uniform mixing, at fourteen hours of 
storage and at weekly intervals for four weeks thereafter. The quantity of blood removed 
at these samplings was sufficient for all in vitro tests except the coagulation times, pro 
fibrinolysin, and antitrypsin titers for which special sampling equipment was used, neces 
sary for the methods. These blood samples were immediately distributed to the partici 
pating laboratories where the individual tests were performed. 

It was recognized from the outset that there was no single in vitro method capable 
of giving an accurate picture of the state of preservation of these bloods. This has been 
proved by many investigators in the past. However, it was thought that by evaluating 
these samples of blood with a battery of tests and using each blood longitudinally as its 
own control, certain differences might be found which, when correlated with in vivo sur 
vival studies of similarly treated bloods, would adequately evaluate the preservation of 
these bloods, and hence any differences which might exist between the three containers. 
Consequently, twenty-nine in vitro methods were applied to each sample from each co: 
tainer during the storage period. 


RESULTS 

Tests Based on Morphology.—The total erythrocyte counts, hemoglobin val- 
ues (photometric oxyhemoglobin method), and hematocrit values only rarely 
exceeded the inherent errors of the methods in these laboratories. Therefore, 
there was no significant difference either in a single container during twen'y- 
eight days’ storage, between containers of a single type, or among different 
containers. The survival of transfused erythrocytes in Part II] more elear'y 
defines the condition of these preserved erythrocytes. 





*Manufactured by Fenwal Laboratories, Inc., Ashland, Mass. 
+Manufactured by Baxter Laboratories, Inc., Morton Grove, II. 


tSodium citrate 13.2 Gm., citric acid 4.8 Gm., dextrose 14.7 Gm., plus water for inject. 0n 
to 1,000 ml. 
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Total leukocytes at fourteen hours’ preservation showed a mean of 4,925 
with a range of 3,650 to 5,650 per cubic millimeter, and at twenty-eight days 
a mean of 2,090 with a range of 1,150 to 2,650 per cubie millimeter. While it 
appeared that there was a slow steady decline in leukocytes, this observation 
is not true on direct observation of these bloods by supravital staining. The 
initial observation at fourteen hours showed preservation of the morphology 
of the leukocytes, but there was great reduction in motility, and many forms 
showed the excessive Brownian movement characteristic of cell irritability 
and impending death. There was no difference between the leukocytes of 
bloods in either A, B, or C containers. The second at one week and subsequent 
weekly samplings showed no sign of life in the leukocytes. 

Platelet counts performed both by Rees-Ecker and Dameshek methods 
presented great difficulty in making accurate counts, which increased during 
storage, due to platelet clumping, This bias of chance distribution raised the 
inherent error of the method to a level which destroys the validity of any 
count. 

Reticulocyte counts performed by Dameshek method varied from 0.2 to 
2.0 per cent. While no definite difference was observed between the bloods 
stored in A, B, and C containers, it is true that reticulocytes were present as 
reticulocytes throughout the preservation period showing lack of maturation 
in their abnormal in vitro habitat. 

Tests Based on Chemistry.—Whole blood pH measured with a glass elee- 
trode electrometer showed a mean of 6.64 and a range of 6.8 to 6.5 in all six 
containers at fourteen hours’ preservation. At the end of the twenty-eight 
days’ preservation, the mean was 6.37, with a range of 6.48 to 6.32. The blood 
samples from type A containers were least acid, while those in type B con- 
tainers were most acid. The variations in the initial pH values may be at- 
tributed to differences in anticoagulant preparations as well as the six indi- 
vidual bloods and the three different containers, All six containers showed 
significant pH decrease during the twenty-eight day preservation period. 

Plasma optical densities at 450 my and 540 my were determined with a 
Coleman Junior spectrophotometer. The mean and range of increases in opti- 
eal densities from the first observations at fourteen hours to the last observa- 
tious at twenty-eight days were: 540 y», 0.451 (0.318 to 0.658) ; 450 p, 0.498 
(0.598 to 0.602). These data indicate the changes were due primarily to in- 
creases in hemoglobin concentration. But the differences between individual 
blood donors within container groups approached the differences between con- 
tainer groups. Apparently this ‘‘spontaneous hemolysis’’ is entirely related 
to individual variations between bloods and not to the containers in which 
they were stored. 


‘ 


Plasma sodium and potassium determinations were performed on a flame 
photometer. There was a steady decline in plasma sodium during the twenty- 
eig!| days of preservation. The mean decrease from fourteen hours to twenty- 
one days was: container A, 23.9 meq., container B, 26.6 meq., and container 
C, 22.2 meq. Plasma potassium conversely showed a steady increase in all 
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bloods. The mean increase from fourteen hours to twenty-eight days of pres 
ervation was: container A, 24.02 meq., container 1B, 17.47 meq., and container 
C, 17.70 meq. (see Fig. 1). 

Plasma chlorides and whole blood chlorides were determined by the 
method of Schales and Schales,’ the latter on Folin-Wu protein-free filtrates 
These determinations showed no appreciable difference between the bloods 
of different containers or as a function of the time of storage. 

‘*Blood sugar’? measured as total reducing substances by the Folin-Wu 
method showed variations related to the initial blood sugar level, which in 
turn are related to the anticoagulants previously deseribed. 

Total plasma proteins measured on a filter photometer by the method of 
Greenberg? showed less than 4 per cent variation throughout the storage 
period, Any differences which did exist in these 50 determinations were re- 
lated to the initial (i.e., fourteen hour) level and reflected individual donor 


differences rather than conditions of preservation. 
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Fig. 1.—Plasma potassium levels of whole blood during a twenty-eight day storage period 
(See text.) 
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Plasma prothrombin concentrations measured by the homologous isola- 
tion procedure of Shinowara® are recorded in Table I, The mean value found 
in 51 normal individuals was 81.8 units per milliliter (S.D. + 14.5). 

Table I shows that the plasma prothrombin levels of A-1 and A-2 were 
well within the normal limits in the initial fourteen hour samples and were 
essentially the same at the end of twenty-eight days. The prothrombin levels 
of B-2, C-1 and C-2 were all moderately diminished in the fourteen-how 
samples. B-1 did not not show much change a the end of twenty-eight days. 
However, B-2, C-1, and C-2 had dropped in prothrombin content in twen y- 
eight days to not more than 60 per cent of the initial values. 

Plasma fibrinogen measured as the thrombin-clottable protein of Fraction 
I by the chemical technique of Shinowara‘ showed less than one stand 
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TABLE I. PLASMA PROTHROMBIN ACTIVITY IN UNITS PER MILLILITER 


CONTAINER TIME ELAPSED IN STORAGE OF BLOOD 


NUMBER 14 HOURS 7 DAYS 14 DAYS 21 DAYS 28 DAYS 
A-] 78.1 90.2 72.9 61.3 42.0 
A-2 76.8 Task 7 fa 52.0 69.0 
B-1 52.0 61.7 59.3 $5.3 49.6 
B-2 2.0 39.3 38.0 26.3 28.5 
C-] 59.3 50.0 45.1 38.4 34.0 
C-2 53.9 52.5 47.2 32.5 32.6 


deviation decrease of all bloods as a function of the time of storage. The 
mean plasma fibrinogen level of 51 normal individuals was 0.26 per cent 
(S.D. + 0.05). 

Thromboplastie plasma component (TPC) concentrations were determined 
quantitatively on the nonelottable subfraction of Fraction I by the method of 
Shinowara,® and are recorded in Fig. 2, The normal TPC activity averages 
97 units per milliliter, with a range of 17 to 278 units per milliliter. 

The lowest TPC activity found in the fresh plasma of a normal individual 
is 17 units per milliliter. On this basis C-1, C-2, and B-2 and A-2 were above 
the lowest normal at fourteen hours, Seven days later only C-1 was within 
the normal limits. After fourteen, twenty-one, and twenty-eight days all the 
values were below 17 units per milliliter. 

Tests Based on Physical and Immunologic Characteristics —Osmotie fra- 
gility of erythrocytes was measured at 32 concentrations of sodium chloride 
in phosphate buffer at pH 7.4, the supernatant plasma optical densities read 
on an Evelyn photoelectric colorimeter at 540 ». This test was repeated on 
duplicate samples of blood following sterile incubation for twenty-four hours 
at 57° ©, Beeause of the great number of osmotie fragility tests performed 


(72 in number) these data must be presented in discussion form. 


Before incubation: In general, the trend of the curves obtained, ex- 
pressing the per cent hemolysis of erythrocytes at each sodium chloride con- 
centration, did not differ strikingly from one container to another. This is 
particularly true during the first fourteen days of preservation, during which 
At twenty-one and 
twenty-eight days of preservation at salt concentrations of 0.5 to 0.8 per cent, 
the beginnings of the curves are shifted to the left in all cases. But at lower 


Sa'i coneentrations these curves are superimposed or slightly to the right of 


the respective curves progressively shifted to the left. 


IT. Osmotic FRAGILITY BEFORE INCUBATION AS PER CENT HEMOLYSIS AT 0.498 PER 
CENT SODIUM CHLORIDE CONCENTRATION 


TIME ELAPSED IN STORAGE OF BLOOD 





lTAINER 
MBER 14 HOURS 7 DAYS 14 DAYS 21 DAYS 28 DAYS 
\-] 0.2 4.3 Li. 10.7 15.2 
\-2 0.7 3.0 6.5 4.0 4.8 
B-1 0.1 1.8 3.4 6.3 8.2 
B-2 0.2 0.0 4.5 5.3 10.4 
a 6.7 15.7 37.4 26.7 30.7 

: 0.9 34 10.9 14.7 24.6 
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the previous determinations. Differences in the bloods of the three containers 
could best be demonstrated at a sodium chloride concentration of 0.5 (0.498 
per cent. (See Table II.) 

It can be seen that C container bloods showed an elevated per cent of 
hemolysis over A and B container bloods. There was no apparent difference 
between A and B container bloods. 

After incubation: In general, the first four determinations, 1.e., up to 
twenty-one days of preservation, showed a progressive shift of the fragility 
curves to the right. A comparison of pre- and postincubation osmotic fra- 
gility curves shows that during the period of preservation the curves gradu- 
ally approach each other and finally superimpose or cross each other. As the 
speed of this approach and crossover varied considerably in the individual! 
bloods, this difference is related to the individual blood and not to the con- 
tainer in which it was stored. The phenomenon of crossing of the postineuba- 
tion curve over the preineubation curve is similar to that seen in most eases 


of acquired hemolytic anemia, 
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Fig. 2.—Thromboplastic plasma component levels of stored blood. (See text.) 


Determinations of the mechanical fragility of erythrocytes before and 
after twenty-four hour sterile incubation at 37° C. were performed by the 
methods of Shen, Castle, and Fleming® and Shen, Ham, and Fleming.’ Again 
differences between bloods within a container group approached or exceeded 
differences between container groups. Therefore, these differences are attribut- 
able to the individual blood rather than to the containers in which they were 
stored. 

Direct Coombs antihuman globulin tests on the preserved erythrocyies 
were uniformly negative. Glass surface clotting times performed in triplicate 
on duplicate blood samples showed a slight prolongation in bloods stored in 
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A containers (2.5 to 4.5 minutes) during the storage period, whereas no ap- 


preciable change took place in bloods from B and © 


containers. 


Similarly 


performed clotting times in silicone-coated test tubes showed no difference to 


exceed the differences between multiple observations on the same sample of 


hlood. 


Profibrinolysin and antitrypsin titers were measured by a method modi- 


fied from Christensen.® 


initially and were unaffected by twenty-eight days of storage. 


in 


These titers were within normal limits for all bloods 


At each sampling of the containers blood was drawn for bacterial cultures 


thioglycollate medium. 


all these cultures were negative, 


BLE IIT. 


. Optical density plasma 


SUMMARY OF 


RESULTS 


or IN Virro TESTS ON 


3L00D SAMPLES 


After ineubation for forty-eight hours at 387° ©. 


PRESERVED IN 


THREE DIFFERENT TYPE CONTAINERS FOR TWENTY-EIGHT DAYS 


TESTS 
Total erythrocyte count 
Hemoglobin values 
Hematoerit 


. Total leukocyte count 


Differential leukoeyte count 
Platelet count 

Reticulocyte count 

Whole blood pH 

450 uw 
Optical density plasma—540 u 
Plasma sodium 

Plasma potassium 


Plasma chlorides 
Whole blood chlorides 


‘Blood sugar” 


Potal plasma proteins 
Prothrombin concentration 


Plasma fibrinogen 

rPCc 

Osmotie fragility 

Osmotie fragility after incuba 
tion 

Mechanical fragility 


Mechanical fragility after ineu- 


bation 
direct Coombs test 
‘lass surface clotting time 


Silicone surface clotting time 
‘rofibrinolysin titers 
\ntitrypsin titers 

sacterial cultures 


Table II] summarizes the results of 870 in vitro tests performed on 
It can be seen that only a few demonstrated dit- 
cnees between blood stored in different type containers. 


served blood samples. 


A 
No change 
No change 
No change 


CONTAINERS 
B 
No change 
No change 
No change 


C 
No change 
No change 
No change 


Gradual fall with no difference between container groups 
All cells nonviable after initial observation 
Cannot be estimated accurately after initial observation 


No change 


Least decrease 


Gradual 


No change 
Greatest decrease 


No change 


Lesser decrease 


increase in all containers 


Gradual inerease in all containers (see text 


Decreased 

Increased 
text ) 

No change 

No change 

Decreased at 


(see 


No change 
Very slight de 


erease 


No change 
Rapid decrease 
Individual blood 


Individual blood 


Negative 

Slight prolonga 
tion 

No change 

No change 

No change 

Negative 


DISCUSSION 


uniform 


Decreased 
Increased 


No change 
No change 

rate from 
centrations 
No change 
Variable decrease 


No change 
Rapid decrease 


varying 


Decreased 
Increased 


No change 
No change 
initial con 


No change 

Decrease below 60 
per cent initial 
level 

No change 

Rapid decrease 


sample differences unrelated to con 


trainers 


sample differences unrelated to 


tainers 


Negative 
No change 


No change 
No change 
No change 
Negative 


con- 


Negative 
No change 


No change 
No change 
No change 
Negative 


the 
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The slightly better buffering action of blood stored in type A containers 
is probably more directly related to the preservative solution than to the con 
tainers in which the blood samples were stored. 

The marked elevation of plasma potassium in bloods stored in type A 
containers over both B and C containers is found to occur only at the twenty 
eight day sampling. This chemical test is frequently used as an index of gross 
red cell destruction and may well represent an increased red cell destruction 
in type A containers at twenty-eight days (see Fig. 1). 

Prothrombin concentration was significantly decreased in bloods stored 
in type © containers, well preserved in type A containers, and preserved to a 
variable degree in type B eontainers. These observations suggest a valid 
difference in the bloods stored in the different containers. 

Thromboplastie plasma component (TPC) is exceedingly labile in whole 
blood, stored at 3 to 5° ©. The unpublished work of Shinowara’s laboratory 
indieates that TPC can drop as mueh as 50 per cent six hours after venepune 
ture in blood similarly collected and stored. Also, there exists a great indi- 
vidual difference in TPC values in normal individuals. Towever, it may be 
stated that TPC did appear in greater quantities in blood stored in type © 
containers than in either A or B containers. 

Osmotie fragility tests of preserved erythrocytes is frequently related to 
the expected in vivo survival of these erythrocytes. While certain individual 
differences were found to exist in the osmotic fragilities of these preserved 
erythroeytes at concentrations of 0.5 to 0.8 per cent sodium chloride, these will 
he related to in vivo survival tests of similarly preserved and transfused 
erythrocytes in Part Il of these studies. 

The glass surface clotting times showed a slight prolongation in bloods 
stored in type A containers; however, this change was of minor degree. 


SUMMARY 


Twenty-nine in vitro tests were applied to samples of blood from six ran 
dom donors, each blood drawn and preserved at 4° CC. to compare the virtues 





and limitations of two types of plastic containers versus the conventiona! 
glass container. These tests were all applied to each blood sample fourtee! 
hours after bleeding and at weekly intervals for four weeks. 

Six of these tests showed differences to exist between the blood samples 
stored in the different containers. Whole blood pH decreased least in bloods 
stored in type A containers. Plasma potassium showed a greater increase 
terminally in bloods stored in type A containers over both B and C containers. 
Plasma prothrombin concentration decreased least in blood stored in type -\ 
containers. Thromboplast 


containers and most in bloods stored in type ( 
plasma component decreased at a slower rate in bloods stored in type C eo 
tainers. Glass surfaee clotting times were slightly prolonged in bloods store | 
in type A containers. The evaluation of these differences, related primari 
to plasma components, must necessarily end with in vitro tests. 

Differences in osmotic fragility of erythrocytes exhibited between t! 
different blood samples were attributed to individual differences in bloc ! 
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samples except at higher salt concentrations (0.5 to 0.8 per cent). At these 
concentrations bloods stored in type C containers demonstrated greatly in- 
creased hemolysis. This difference is further investigated by in vivo methods 
in Part I] of these studies. 


The following personnel are responsible for technical assistance in this study. 
Formed elements: Georgia Gwinner, M.T.; Optical density, pH, and coagulation components: 
Dolores M. Johnston, B.S., M.T., Marilyn J. Herrit, B.S., M.T., Marian M. Starkey, B.S., 
M.T.; Electrolytes, protein and sugar: Donna F. Bitzel, B.S., M.T., Martha I. Walters, B.S., 
M.T., Margaret A. Delaney, B.S., M.T., Rachel B. Earp, A.B., M.T.; Mechanical and osmotic 
fragilities: Robert D. Palmer, Alvinza E. Bunner, B.A., Audrey Buxton, B.S.; Recalcified 


clotting times, profibrinolysin and antitrypsin titers: Jean HH. Smelker, Carl Spragg. 
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AN EVALUATION OF THE PRESERVATION OF HUMAN BLOOD 
STORED IN EXPERIMENTAL PLASTIC CONTAINERS 
Il. IN Vivo StTUDIES 
Robert L. Wai, M.D., Nancy M. BuckLey, M.D., AND CHARLES A. Doan, M.D., 
WITH THE ASSISTANCE OF GEORGIA GWINNER, M.T., AND LILLA Sux, M.S. 
COLUMBUS, OHO 


Mo: investigators in the field of blood preservation believe there is little 
correlation between present in vitro methods of estimating erythrocyte 
preservation and in vivo estimates of transfused erythrocyte survival, the lat 
ter being the final test of the effectiveness of preservation. As has been 
demonstrated in Part I of these studies, no one nor any group of the in vitro 
tests thus far applied has clearly differentiated between the ultimate fune 
tional dependability of erythrocytes preserved in either of the two types of 
plastic containers and in conventional glass containers. With this in mind a 
series of studies were undertaken to evaluate in vivo survival time of erythro 
cytes after their preservation in one or the other of these three types of con 
tainers for various intervals before being transfused into normal volunteer 
recipients. 

The two plastic containers, one designated “Container A,”’* another desig 
nated “Container B”+ and a conventional glass container for comparison desig 
nated “Container Ct were identical to those contained in the previous study 
(see Part 1). 

METHODS 

a. Random donors of blood groups O, Rh-positive (1) or Rho) volunteering at. tlh 
Regional Red Cross Blood Center, Columbus, Ohio, were bled by the three methods until 
nine donors had been found of blood type N, three bleedings obtained in each type of 


equipment. 


Fach container was weighed before and after bleedings to measure the amount 
blood subsequently transfused. The collected bloods were stored at 4° C. undisturbed unti 
transfused. 

b. Recipient volunteers were chosen among the physically healthy inmates of the 
Ohio State Penitentiary, with blood groups O, Rh-positive (D or Rho), type M. Three 
units of blood, one representing each of the three collection methods, were transfused into 
three matched recipients after fourteen days, three after twenty-one days, and three after 
twenty-four days’ storage. Blood volumes were performed using Evans Blue dye, and 500 
ml. of blood was drawn immediately prior to transfusion of all nine recipients. Tran 
fusions were completed in forty-five minutes (+ five minutes). Three minutes after t! 
completion of the transfusion a sample of venous blood was drawn to represent the init! 
post-transfusion survival of transfused erythrocytes. 

From the Department of Medicine, The Ohio State University College of Medicine. 
jose work was supported in part by a grant-in-aid from the National Institutes of 

Received for publication, March 31, 1953. 

*Manufactured by Abbott Laboratories, North Chicago, Ul. 

+Manufactured by Fenwal Laboratories, Inc., Ashland, Mass. 

tManufactured by Baxter Laboratories, Inc., Morton Grove, Il. 
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ce, ‘Total blood volumes, plasma volumes, and red cell volumes were estimated by the 
method of Gibson and Evelyn,! incorporating Gibson’s correction factor for capillary and 
venous hematocrit differences.2 The Ashby differential cell agglutination method, as 
modified by Young,? was employed to estimate survival of the transfused erythrocytes, 
employing the same lot of dry anti-M antiserums throughout the study. 

A known amount of blood was drawn from each recipient and a known amount trans 
fused. Blood volumes had been calculated. From these data an estimate of the expected 
ratio of donor to recipient cells was made. The actual ratio of donor to recipient erythrocytes 
was made immediately post-transfusion and throughout the survival period by the differential 
agglutination method. The immediate post-transfusion difference between the expected and 
actual ratios of donor:recipient erythrocytes represents the number of erythrocytes not 
accounted for in the sample of the recipients’ venous blood, and therefore presumably 


destroyed or removed during the actual time of administration of the blood. 


RESULTS 

The survival time of the transfused erythrocytes is plotted as per cent of 
a theoretical 100 per cent initial survival in Figs. 1, 2, and 3. The initial 
observations made three minutes after the completion of the transfusions are 
plotted as the second point on the graphs. Subsequent samples are plotted 
according to the number of days each was obtained post-transfusion. 

Total red cell volumes of recipients, volumes of red cells transfused, 
expected ratios of these two, and the aetual ratios measured by differential 
agglutination are listed in Table I. 

TABLE I. DATA FOR ESTIMATION OF INITIAL SURVIVAL OF TRANSFUSED ERYTHROCYTES STORED 


FOR FOURTEEN, TWENTY-ONE, AND TWENTY-FOUR DAYS IN EACH OF THREE 
CONTAINERS. (SEE TEXT.) 


TIME OF | EXPECTED | | PER CENT 
PRESER- RATIO OF | ACTUAL | PERCENT- | SURVIVAL 
VATION TRANS- TRANS- RATIO OF | AGE CELLS!) IMMEDI- 
PRIOR TO TOTAL FUSED FUSED TRANS- LOST ATELY 
TRANS CELL CELL TO RE- FUSED TO DURING POST 
SUB CON- FUSION VOLUME VOLUME | CIPIENTS |RECIPIENTS) TRANS- TRANS 
JECT | TAINER (DAYS) (MI. ) IN ML. CELLS CELLS FUSION FUSION 
GP. A 14 2827 212 7.49/100 5.25/100 29.7 70.3 
P. B 14 2573 255 9.91/100 ~8.62/100 13.0 87.0 
RE IP C 14 P?65 188 8.30/100  5.96/100 98,1 71.9 
BR. L. A 21 2PP89 180 7.86/100 4.21/100 46.1 53.9 
P. L: B 21 1989 Za0 11.81/100 9.79/100 17.0 83.0 
H. M. C 21 2478 213 8.59/100 7.04/100 18.5 81.5 
Lh A 24 2°56 210 9.31/100  4.23/100 54.3 415.7 
C.N. B 24 2326 214 9.20/100  4.91/100 46.7 5 Bs 
H. P. C 24 265 201 8.87/100 5.49/100 38.3 61.7 


Total red cell volumes of recipients had a mean of 2,363 ml. and a range 
oF 1.989 to 2,827 ml. The volumes of transfused erythrocytes had a mean of 
ml., and a range of 180 to 255 ml. The expected ratios of transfused to 
re pient red cells had a mean of 9.03 per cent with a range of 7.46 to 11.81 
pe cent. The actual ratios varied from recipient to recipient according to the 
av of the preserved blood at the time of transfusion. 

As seen in Fig. 1, there was little difference in the survival curves of the 
th:ce bloods preserved fourteen days before transfusion. Evidence of trans- 
d red cell survival up to one hundred nineteen days was obtained in all 


~ 












































676 WALL ET AL, J. Lab. & Clin Me 
three recipients. Blood preserved in Container C perhaps showed some slight 
superiority. 

Fig. 2 shows the survival curves in three recipients receiving blood pre 
served twenty-one days before transfusion. Here are revealed both propor 
tionate and length of survival differences. While the red cells from Containe: 
C showed a survival curve close to normal survival disappearing only after 
one hundred twelve days, the red cells from Container B could be identified 
for only ninety-eight days and from Container A for only seventy-seven days 
Between fourteen and ninety-eight days there was also a marked difference in 
the proportionate representation of donor’s cells stored in Container C. 
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Fig. 1.—Three survival curves of erythrocytes collected and stored for fourteen days in thre 
different types of containers prior to transfusion. 
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Fig. 2.—Three survival curves of erythrocytes collected and stored for twenty-one days in 
three different types of containers prior to transfusion. 
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ig. 3 shows the survival curves for three units of blood preserved twenty- 


four days before transfusion to three recipients. The initial observations im- 


mediately following completion of the transfusions showed a sharp decrease 


in surviving circulating donor erythrocytes, varying from 46 (Container A) 


to 61 per eent (Container ©). There is also a marked change in the survival 


curves. 


Blood stored in Container C showed a slight reduction in its survival 


time, 3.5 per cent of transfused cells still present at one hundred five days. 


Blood stored in Container B showed greatly reduced survival time having only 


22 per cent cells present at forty-nine days. Blood stored in Container A 


showed an intermediate pattern, having 0.5 per cent cells remaining at ninety- 


one days. 
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Three survival curves of erythrocytes collected and stored for twenty-four days in 


three different types of containers prior to transfusion. 


DISCUSSION 


The results of these ‘pilot’ studies show that the estimates of immediate 
post-transfusion survival of erythrocytes stored for varying periods of time 


be ore transfusion appear to vary directly with the length of time of storage. 
Ths is most evident in the comparison of blood stored for fourteen days with 
al average immediate survival of 76 per cent, as compared to that of blood 
st’ ed for twenty-four days before transfusion with an average immediate 
su vival of 54 per cent. 

Gibson and Peacock* found a twenty-four hour survival of blood pre- 
se ved fourteen days to be 96 per cent, and a two hour survival of blood stored 
lo twenty-five days to be 94 per cent. Other reports of twenty-four survivals 
0: \lood preserved for fourteen days show 91 and 96 per cent, ° and for blood 
p: served twenty-eight days a 60 to 79 per cent twenty-four hour survival.” 7 
So ie of these figures® are based on comparisons with fresh blood similarly 
ty usfused. These figures are based on blood stored in glass containers. 
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The difficulty attendant upon the estimation of cell destruction or removal! 





during or shortly after completion of the transfusion has been a major prob 





lem to all investigators in this field. The figures here presented show a greater 






loss of viable cells after storage than most reported but are reported for con 






sideration and evaluation by others. 
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Fig. 4.—-Osmotic fragility of preserved erythrocytes at salt concentration of 0.498 per cent 
recorded as per cent hemolysis. (See text.) 














The only data available on the survival time of blood stored in plastic 





containers at this writing are that of Saek, Gibson, and Buckley* based on 






lenwal containers (type B of the present study). They report ‘an immediate 






post-transfusion survival” of one blood preserved fourteen days as 84 per cent 






by the Ashby method and of three bloods preserved for the same period as 






estimated by osmotic fragility tests as 91, 87, and 93 per cent, respectively. 






The immediate post-transfusion survival of our blood preserved fourteen days 






in this type container was $7 per cent. Two of their blood samples preserve: 






twenty-one days showed immediate circulating survivals of 54 and 77 per cent. 






by the Ashby method, as compared to 85 per cent in a blood similarly store: 
in the present study. Two of their bloods preserved for twenty-three aii 






twenty-five days showed an immediate survival of 80 and 67 per cent, respe’- 
tively, while one of our bloods similarly stored for twenty-four days showed 4 






53 per cent survival. 






No data are available for comparison on survival studies performed «1 
blood stored in type A containers. 
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The second criterion of viability of transfused erythrocytes is the survival 
in the eireulation after the initial period. This is especially important because 
of the error which exists in the estimates of initial survival. It is generally 
accepted that under optimal conditions erythroeytes have an in vivo life span of 


approximately one hundred twenty days. Given a known quantity of erythro- 


eytes from normal donors, stored under optimal conditions for a known period, 
any reduction in the circulating life span following their transfusion into 
healthy recipients having previously donated a similar quantity of their own 
blood, is interpreted as evidence of impaired preservation. The principal 
variation between bloods in this study, it was planned, would be the contain- 
ers themselves. Most evidence of the one hundred twenty day life span of 
the erythrocyte, where made by differential agglutination studies, has been on 
blood stored in glass containers. 

While it is recognized that there are potential individual differences 
whieh may affect the survival time of blood preserved under identical condi- 
tions, the wide variations in the present survival curves suggest viability dif- 
ferences may exist between erythrocytes stored in glass and in plastie eon- 
tainers and that in the present study the erythrocytes stored as whole blood 
in the glass containers have shown superior survival times over the blood cells 
colleeted and stored in both types of plastie containers available for testing 
at this time. 

Mollison and Young” believe there is little if any correlation between in 
vitro and in vivo tests of erythrocyte preservation. Despite recent evidence 
to the contrary® the present authors agree with this observation. As is shown 
in Fig. 4, the osmotie fragility recorded as per cent hemolysis at 0.498 per cent 
sodium ehloride concentration shows increased fragility of bloods stored in 
containers C as compared to containers A and B. However, as shown in this 
study, the survival times of blood stored in containers C are definitely superior 
to bloods stored in containers A and B. 


CONCLUSIONS AND SUMMARY 


Ilealthy volunteer donors selected at the Regional Red Cross Blood Center, 
(columbus, Ohio, were used for blood collection utilizing two types of plastic con- 
tainers for comparison with conventional glass blood colleeting units. 

These blood donations were transfused into healthy male volunteers at the 
Ol o State Penitentiary after withdrawing similar quantities of the recipients’ 

lood and the survival time of these transfused erythrocytes was estimated by 
ne’s modifications of the Ashby technique. 

In this “pilot” study, erythrocytes stored as whole blood in glass contain- 

exhibited better survival times than erythrocytes stored in either of the 

types of plastie containers. There was little difference between the two 
tie containers. 

In vitro studies performed on bloods similarly treated in Part I of this 

‘vy show no correlation in evaluation of erythrocytes preservation. 

Many potential advantages inherent in plastic type containers for preser- 

on and transportation of blood under special circumstances suggest the 
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desirability of continuing experimental studies with the newer plasties in the 
hope that greater assurance of viability of stored blood cells may be obtaine 





giving flexibi‘ity to the blood transfusion program. 
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Addendum.—Approximately fifty transfusions were carried out at the University Hos 







pital with each of the three types of containers in this study to test the relative practica 





utility of each assembly, These data are not included as many of the individual criticisms 






of each of the methods have already been incorporated in improved models since the time of 






this study by the respective manufacturers. 
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DIKETOGULONIC ACID AND DIABETES MELLITUS 


A.W. Marcovicu, M.D., ano J. EF. Marcovicu, M.A. 
DAYTON, OHIO 


IABETES mellitus has been produced in animals by injecting dehydroas- 
D corbie acid.2 Penney and Zilva,’ and Borsook and associates* have shown 
that dehydroascorbie acid is transformed into either ascorbic acid or diketo- 
eulonie acid when it is injected into animals (Fig. 1). The latter reaction 
prompted us to consider the possible relationship of diketogulonie acid to dia- 
betes mellitus. Accordingly, the following survey was carried out to ascer- 
tain whether diketogulonie acid was present in unusual quantities in the blood 
of human diabeties. 

METHODS 

The following modification of the methods of Penney and Zilva® and Roe and co- 
workers> for the determination of diketogulonie acid was developed for the estimation 
of this compound in blood specimens: 

Reagents.-2,4-Dinitrophenulhydrazine Reagent: 2 Gm. of solid is dissolved in 100 
ml. of 9N H,SO, (75 ml. of water + 25 ml. H.SO,). After filtering, it is preserved in a 
dark bottle. 

85 per cent Sulfuric Acid: To 100 ml. of distilled water is added 900 ml. of concen 
trated H,SO,. 


d per cent Metaphosphoric Acid: 5 Gm. of HPO, dissolved in 100 ml. of water (made 


) the day it is to be used). 
10 per cent Stannous Chloride.—10 Gm. of SnCl, in 100 ml. of water (made up the day 
sto be used, and mixed well immediately before measuring). 
Preparation of Filtrate.—-15 ml, of 5 per cent metaphosphorie acid was poured into a 
ul. graduated evlinder. 1.25 ml. of 10 per cent stannous chloride solution was added 
the volume made up to 20 ml. with 5 per cent metaphosphorie acid and thoroughly 
d. This precipitating mixture was then transferred to a 125 ml. Erlenmeyer flask. 
milliliters of whole oxalated blood whieh had been drawn within the hour was in- 
iced in a dropwise fashion with continuous shaking to assure a fine suspension. The 
ion was then filtered through a smooth, close texture filter paper (Aloe No. 42710) to 
na water clear filtrate. 
Analytical Procedure.—Four milliliter aliquots of the filtrate were added to each of three 
One was held as a blank, and to the others was added 1 ml. of dinitrophenylhydrazine 
nt. These tubes were rotated gently to mix and were then placed in a 38° C. constant 
erature water bath for exaetly forty minutes. Since in forty minutes no interference 
dehydroascorbie acid was found, the H,S separation was omitted. The tubes were then 
ferred to a beaker of ice and water to stop the reaction. One milliliter of dinitrophenyl- 
zine reagent was then added to the blank, and while all of the tubes remained in ice 
r, 5 ml. of 85 per cent sulfuric acid was dropped slowly into each and mixed well with 
iss rod. The tubes were then placed in a rack at room temperature for at least thirty 
tes before reading. The color is stable for twelve hours. 
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Using the blank as a reference, samples were read in a Coleman Universal Spectro 
photometer at 550 mu (without using the 14-214 filter supplied with the instrument). Values 
were interpolated from a transmittance curve as prepared from standard solutions of 
diketogulonic acid as described below. 

Calibration Curve.—2,3-diketogulonic acid was prepared by the bromine oxidation 
method of Roe and Oecesterling.6 A weighed quantity of /-ascorbie acid was placed in a 
volumetric flask, dissolved in a small amount of 5 per cent HPO,, and 0.5 per cent solid 
SnCl, added. Bromine water was added until the oxidation was completed and the excess 
bromine removed with CO, Appropriate dilutions were made from this stock solution 
(made up to volume) so that standards ranging from 1 to 10 gamma per 4 ml. are obtained. 
Duplicate 4 ml. aliquots of each strength of diketogulonic acid were then treated exactly 
as described above to develop the characteristic color. Tubes were read at 550 mu using 
a reference standard to which dinitrophenylhydrazine was not added until after the in- 
cubation period. When the values obtained were plotted on semilog paper, a straight line 
bisecting the origin was obtained. 

Calculations.—D—dilution of blood. C—=concentration of diketogulonic acid in 4 mi. 
of blood filtrate (from the transmittance curve). C x D ~« 100—econcentration of diketo 


gulonie acid in 100 ml. of blood. C x 500—gamma DWA/100 ml. blood. 


+ 


Fasting blood specimens were secured from normal individuals and diabeties and 


compared for their diketogulonie acid content. 
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Fig. 1. 


RESULTS 
Nondiabetic Blood.—The blood of 27 nondiabetics was examined for dike 
togulonie acid. None was found to contain any diketogulonie acid. 
Diabetic Blood.—The blood of 28 proved diabetics was similarly tested 
All contained some diketogulonie acid. The values ranged from 25 to 650 
gamma per 100 ml. of blood. Four of these diabetics who were controlled with 
only dietary management had a range of 25 to 137.5 gamma diketogulonie acid 
per 100 ml. of blood. Twenty-four of the diabeties using insulin had a range 
of 31.2 to 650 gamma of diketogulonie acid per 100 ml. of blood (Table 1) 
The quantity of diketogulonie acid in the diabetic blood had no relationship 
to the level of the blood sugar in a given individual although rather wide vari 
(Table IT.) 


ations were noted from time to time. 
































DIKETOGULONIC ACID AND DIABETES MELLITUS 
Numbe 
TABLE IT. DIKETOGULONiC ACID CONTENT OF THE BLOOD OF DIABETICS. 
BLOOD URINE GAMMA DKA/100 

PATIENT'S NO. AGE DURATION SUGAR SUGAR ML. BLOOD INSULIN 
§20517 W. 58 yr. New 205 1. 75.0 No 
520533 C. 36 2 wk. 156 0 25.0 No 
520093 W. D0 7 mo. 120 it) 62.5 No 
510560 F. 60 6 yr. 72 ) 137.5 No 
520435 W. a9 2 mo, 172.5 0) 312.5 Yes 
510080 J. 62 wr: 130 0 125.0 Yes 
520597 T. 53 IS vr. 187.5 0) $1.2 Yes 
DSZODSO. C, 39 14 vr. 2395 44 100.0 Yes 
510035 LL. 62 6 yr. 165 0 312.5 Yes 
510855 L. Vf 6 yr. 200 0 237.5 Yes 
520520 V. 32 2 wk. 237.5 | 162.5 Yes 
520463 B. Bo 13 yr. 237 = 162.5 Yes 
510382 M. 49 0 “vr. pe 4 } + 162.5 Yes 
510448 M. 13 29 yr. 250) { 562.5 Yes 
510894 H, 28 2 yr. 274 0 650.0 Yes 
530106 O. 50 1 vr. 155 0) 162.5 Yes 
530117 J. 58 9 vr. 300 » 625.0 Yes 
580116 ©, 59 1 yr. 27 { 300.0 Yes 
510335 D. 64 6 vr. 62.5 24 37.5 Yes 
S015 C. 65 17 yr. 187.5 0 175.0 Yes 
510305 CC. 72 12 yr. 217 }4 175.0 Yes 
210944 G. 38 1D yr. 112.5 0 87.5 Yes 
5203887 P. 72 19 yr. 217.5 44 187.5 Yes 
520124 D. 2 it “rs 330 1+ 237.5 Yes 
520547 8. 14 D yr. 335 44 812.5 Yes 
520473 J. 60 ® yr. 97.9 0 150.0 Yes 
s20672 T. 64 D> yr. lito () 650.0 Yes 
530064 P. 51 2 yr. 150 0 325.0 Yes 


TABLE If. VARIATION IN QUANTITY OF DIKETOGULONIC ACID IN BLOOD OF DIABETIC PATIENTS 


PATIENT DATE BLOOD SUGAR GAMMA DKA/100 ML. BLOOD 
510030 JJ. 10/ 9/52 167.5 187.5 
10/ 9/52 130.0 125.0 
520520 V. 10/11/52 Vato 162.5 
2/23/53 70.0 675.0 
510855 LL. 2/24/53 150.0 262.5 
10/ 7/52 200.0 237.5 
920672 T. 3/24/33 146.0 231.0 
2/24/53 Lat 650.0 


SUMMARY AND ‘CONCLUSIONS 

Utilizing an original modification of existing procedures diketogulonie 
acid was estimated in the blood of normal subjects and diabetie patients. None 
was found in 27 nondiabetics examined, but substantial quantities of diketo- 
eulonie acid or a closely related chromogen were found in all of the diabeties. 
The quantity determined seemed to have no relationship to the level of blood 
glucose or to whether or not the patient was receiving insulin. These results 
are admittedly preliminary, but do bring to mind a possible relationship of 
diketogulonie acid or dehydroascorbie acid to diabetes mellitus as seen in man. 


Clinical material supplied by H. E. King, M.D., and A. J. Gabriele, M.D. 
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EFFECT OF DIALIZED CONCENTRATED HUMAN URINE ON 
RENAL FUNCTION IN THE HUMAN BEING 


JOHN NICHOLS* 
LIVERPOOL, ENGLAND 


ew ° has on two occasions reported that dialized and concentrated hu- 
man or dog urine, when injected intravenously into dogs, causes a marked 
diuresis. The finding of a diuretie factor in normal human urine is somewhat 
contrary to current concepts of renal physiology, but the theoretical and elini- 
cal implications are obvious. The mechanism of action has not been demon- 
strated, though a possible clue is given by the work of Green and associates,’ 
who demonstrated that similar preparations when injected intra-arterially into 
the legs of dogs give a marked vasodilation and increased blood flow as meas- 
ured by an electromagnetic flow meter. The changes in renal plasma flow, 
glomerular filtration rate, and filtration fraction have not been studied. This 
paper records an attempt to extend the findings of Little to man in order that 
fuller investigation of renal function eould be made. 


MATERIALS AND METHODS 


The methods of collecting, dializing, and concentrating the urine are, with the ex- 
ceptions noted, exactly those employed by Little. Urine was voided by the author directly 
into sterile cellophane dialysis bags using as sterile precautions as possible; the first por- 
tion of the urinary stream was not collected. The bags were sealed by tying with string 
and were immediately placed in a large dialysis chamber filled with cold running tap water. 
Dialysis was carried out in the refrigerator at 5° C. for forty-eight hours against running 
tap water, and for an additional twenty-four hours against running distilled water. At 
a eur 


the end of the seventy-two hours of dialysis the bags were removed and placed in 
rent of warm air from a large fan. After being exposed to this current of warm air for 
about twenty-four hours the concentrated residue was aseptically removed with a sterile 
needle and syringe and placed in a plastic bottle in a deep freeze unit. Each day addi- 
tional concentrate was added to this bottle and over a period of two weeks a total of ten 
liters of urine was dialized and concentrated to a volume of 250 ml.; this represents a 
forty fold concentration. The concentrate showed only a trace of chloride; a portion was 
evaporated to dryness and the solid content was found to be 291 mg. per 100 ml. 

For the further experimental work the author served as subject. Renal plasma flow 
was determined by the subcutaneous injection of 5 per cent para-aminohippurate, and the 
glomerular filtration rate was determined by endogenous creatinine and allantoin as pre 
viously reported for this subject.4 The experiment was conducted as follows: three liters 
of tap water were drunk over a period of forty-five minutes to provoke a degree of diuresis 
which would enable the collection of 50 to 100 ml. urine samples at five minute intervals 
for PAH, creatinine, and allantoin determinations. In the first experiment as a control 
30 ml. of saline was injected intravenously about forty minutes after the last water had 
been drunk. In the second experiment, instead of injecting saline, 30 ml. of the urine con 
centrate were injected. The subsequent happenings are recorded below and illustrated in 
Table I. 


Received for publication, May 22, 19538. 
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TABLE I. SHOWING THE EFFECT OF INJECTION OF SALINE AND CONCENTRATED URINE DIALY- 
SATE ON URINE FLOW IN THE HUMAN BEING. 


MINUTES AFTER 
DRINKING LAST OF 


THE WATER 30 35 10 15 50 ne 60 65 =() °5 i) 
Urine flow in ml. 
per minute 
(a) eontrol 16 16 16 15 5) 14 12 12 10 10 7) 
(b) experiment 16 164 0.6 No further urine was obtained for two days 


*30 ml. saline injected at the end of this collection period. 
730 ml. concentrated urine injected at the end of this eollection period. 


RESULTS 


The urine flow resultine from the drinking of the water reached a maximum of. sixteen 
milliliters per minute and was sustained at this rate for about thirty-five minutes. Renal 
plasma flow was found to be 695 ml. per minute, and glomerular filtration rate by creatinine 
and allantoin to be 121 and 123 ml. per minute, respectively. The filtration fraction was 17.5 
per cent. None of these values were changed by the injection of saline (‘Table 1). 

The injection of 30 ml. of urine concentrate was made immediately after a five-minute 
period of urine collection. This produced unexpected results. Immediately and for about 
half a minute after injection of the urine concentrate a warm sensation was felt in the vein. 
About a minute later a warm sensation was felt in the lungs, this containued for about two 
minutes. For the next three minutes nothing unusual was experienced, but at the next col- 
lection period only three milliliters of urine was obtained; presumably this amount was al 
ready in the tubules, kidney pelvis, and ureter. The quantity was too small for analysis. 
This immediate renal shutdown continued so that there was a complete cessation of urine 
flow not only for the remaining forty-five minutes of the intended experiment, as shown in 
Table I, but also for the next two days. About five minutes after the injection a slight head 
ache began, the skin became white, the hands and feet were cold, perspiration occurred all 
over the body, and rigors set in which could be controlled only by voluntary acts such as walk 
ing. The blood pressure rose from 130 to 200 mm. He, while the heart action increased from 
65 to 100 beats per minute. Respiration became a conscious act, although it was not essentially 
altered. This state Was maintained for about twenty minutes, and then, just as the symptoms 
were becoming less severe, a sudden attack of vomiting occurred. About an hour later marked 
diarrhea set in. At this time the blood pressure and heart rate began to return to normal over 
a period of about thirty minutes. As this was taking place a slight temperature of 100 to 
101° F. became apparent. This temperature and the sweating continued for about two days, 
as did the vomiting, diarrhea, and headache. Over these two days the only form of therapy 
Was seven liters of intravenous saline. During this time there was a great thirst with a 
craving for salty tomato juice; however, any fluids taken by mouth were immediately regur- 
gitated. No biochemical determinations were done. At the end of the two days these symp 
toms disappeared during a period of about eight hours. The total anuria continued until the 
beginning of the third day when a small amount of dark brown urine was passed; the urine 
had a specifie gravity of 1.036, but there was no protein or blood, By the end of the thir 
day the specifie gravity was normal and the volume varied directly with the oral intake of 
water. On the fourth day the urine became smoky with large quantities of red blood cor- 
puscles without hemolysis. This hematuria persisted for the next thirty-six hours, at the end 
of which time it suddenly disappeared. 

Studies carried out one month later revealed a normal renal plasma flow and glomerular 
filtration rate, and up to one year later no hematuria or proteinuria has been noted. 


DISCUSSION 
Although the results of this experiment fail to demonstrate the presence 
of a diuretie factor in man, they do not thereby disprove its existence. 


























ar DIALIZED CONCENTRATED HUMAN URINE OST 

There is no reason to doubt that the present dialysate contained a diuretic 
factor(s). Little has reported that not all persons have the diuretie factor in 
their urine. However, the author, working in Little’s laboratory, has made 
preparations of his own urine in exactly the manner as those used in this 
experiment. On injection into dogs, the preparations produced the same 
degree of diuresis as was reported by Little. 

Any possible diuretie effect in man was, however, completely inhibited by 
the gross vasomotor disturbance. This disturbance was presumably due to 
the presence of a toxie substance(s) in the relatively unrefined urine conecen- 
trate. Such a substance produces a severe adverse reaetion in man but does 
not usually have this effeet in the dog, although Little has noted that ocea- 
sionally dogs will show some untoward reaction such as defecation and tem- 
porary decrease in urine flow. 

The nature of the reaction in man appears to be a transient vasoconstrie- 
tion in the renal cortex and irritation of the alimentary tract, with vasocon- 
striction elsewhere in the body. This would account for the hypertension. 
Analogous symptoms such as sudden vomiting, diarrhea, and a period of 
anuria followed by hematuria occur in a number of eases of renal cortical 
necrosis not associated with obstetries.”. This condition is clearly related to a 
local vasoconstriction. There are several known toxins capable of producing 
renal cortical necrosis. In the present experiment some vasoconstrictor sub- 
stance of similar type appears either to have been present in the original urine 
or to have been produced in the preparation of the coneentrated dialysate. 
While it did not produce permanent renal insufficiency it is sufficiently toxic 
fo preclude studies of the effect of unrefined dialysates in the human being. 


SUMMARY 


(rude dialized and concentrated human urine contains a substanee(s) which 
when injected intravenously into a human being caused marked gastrointestinal 
ipset, headache, transient hypertension, temperature, and complete renal shut- 
down. Similar preparations give a diuresis when injected intravenously into 


] 

| 

{ 
dogs 


=e 
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RELATION OF ACUTE CHANGES IN COLLOIDAL OSMOTIC 
PRESSURE TO BODY WEIGHT IN PATIENTS WITH 
HEPATIC CIRRHOSIS AND ASCITES 
Maurice M. Best, M.D., aNp JoAN D. WaATHEN, B.S. 
LOUISVILLE, Ky. 


REDUCTION in the concentration of serum proteins,’ particularly the al- 

bumin fraction,’ and lowering of the colloidal osmotic pressure® * exerted 
hy these proteins has been claimed to be correlated with the presence or ab- 
sence of ascites occurring in chronic liver disease. According to this concept, 
ascites is formed by transudation of fluid from the plasma due to the reduc- 
tion in eolloidal osmotie pressure exerted by the lowered concentration of 
serum proteins with resultant edema, as dictated by the Starling’ principle. 

Recent observations” ‘ indicate that factors other than colloidal osmotic 
pressure may be concerned with the production of ascites in cirrhosis of the 
liver. Ralli and co-workers® have noted an antidiuretic factor in the urine 
of patients with cirrhosis. Faloon and co-workers® observed a decrease in the 
rate of formation of ascites following a restricted sodium intake, and fluid re- 
tention following the administration of sodium. This relationship held true 
despite the maintenance of serum albumin levels near normal by the infusion 
of serum albumin. Evidence for specific impairment of renal mechanisms for 
excretion of sodium has been noted in edematous'” 1! and nonedematous pa- 
tients’ with cirrhosis of the liver. 

In the course of investigating the effects of a cation exchange resin on 
patients with portal cirrhosis,’ major fluetuations of edema and ascites pre- 
sented an opportunity to test the relationship between serum protein concen- 
trations and variations in the degree of ascites and edema. 


METHODS 


Nine patients with ascites, edema, and histologically proved portal cirrhosis were 
studied before, during, and after administration of a cation-anion exchange resin (Carbo- 
Resin®). The details are reported elsewhere.1% 

One hundred and one paired determinations of body weight and serum proteins were 
made at intervals of one to three weeks. Unelothed weights were determined on balance 
scales at the same time of morning. Blood was drawn without stasis after a period of rest 
in the sitting position, Serum proteins were determined by the method of Wolfson and Cohn.14 
The osmotic pressure was calculated by the formula!5; 2w—60.9A,. + 22.9G, 50, where m is 
calculated osmotic pressure in millimeters of water, and A, and Gy the serum concentration of 
albumin and globulin, respectively, expressed in grams per 100 ml. of serum, corrected for 
water content by the formula: W+98.40 — 0.718P, developed by Eisenman, MacKenzie, 
and Peters.16 

The regression equations for data relating changes in body weight to changes in 
total serum protein, serum albumin, and colloidal osmotic pressure were derived,!7 and 
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Fig. 1.—Change in edema as determined by body weight change plotted against change 
in colloidal osmotic pressure. The calculated regression is indistinguishable from that expected 
on the basis of chance alone (P < 0.10 and > 0.05). 
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Fig. 2.—Change in state of edema as determined by body weight change plotted against 
inge in serum albumin. The regression line does not differ from that expected on the 
sis of chance (P < 0.50 and > 0.10). 





itistical significance tested by means of the ‘‘t’’ test, with fiducial limits at the 5 per 
ent point, and degree of freedom equal to N-2. 


RESULTS 


(A) Relation of Changes in Colloidal Osmotic Pressure, Serum Albumin, 
id Total Protein to State of Edema.—F ig. 1 presents a plot of values repre- 
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senting acute change in body weight versus change in calculated colloidal 
osmotic pressure. The calculated regression coefficient was indistinguishable 
from that expected on the basis of chance alone (P < 0.10 and > 0.05). Simi 
larly, Fig. 2 shows relation of changes in values of serum albumin to those of 
acute changes in weight (P < 0.50 and > 0.10). Fig. 3 reveals a somewhat 
closer correlation between change in total protein and state of edema (P < 0.05 
and > 0.02). 


RELATION BETWEEN’ CHANGES IN SERUM TOTAL PROTEIN AND BODY WEIGHT 
IN HEPATIC CIRRHOSIS WITH ASCITES AND EDEMA 
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« Fig. 3.- Relationship between change in me ee and total serum protein (P 0.05 and 
(B) Relationship Between Body Weight and Colloidal Osmotic Pressure wn 
Each Individual Patient.—Coneurrent changes in body weight and eolloida! 
osmotic pressure of the nine cirrhotic patients observed herein are depicted in 
ig. 4. Frequently, body weight may be observed to fall during the early 
phase of treatment, which is accompanied by loss of edema and ascites, and to 
increase gradually after the first four to six weeks, presumably due to im 
provement in the state of nutrition. Colloidal osmotic pressure rose slow] 
in all patients during treatment, usually lagging behind the loss of ascites and 

edema. 

DISCUSSION 


The failure to demonstrate a correlation between short-term ehanges i 
serum colloidal osmotie pressures and variation in the degree of edema an 
ascites in patients with portal cirrhosis may have at least two explanations. 

Serum protein concentrations show considerable physiologie variation.’ 
The assumption of the upright posture or strenuous exercise will induce hemo 
concentration, with an & per cent average increase in serum proteins as com 
pared to the supine basal state. Apparently spontaneous variations up to 4. 
per cent have been observed. 
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COLLOIDAL OSMOTIC PRESSURE 


the associated fluctuations in serum proteins obseured a relationship 


changes in colloidal osmotic pressure and gain or loss of edema. 











CHANGES AND BODY WEIGHT 


unrecognized variations in the state of the patient may have occur 





Although utmost care was exercised in procurement of samples of serum, 
red, and 
between 















































Kg - BODY WEIGHT 6.0.P 
60 J.M. No. 121967 White Male, 39 yrs. 240 
220 
Pa oooee ee, 
sroveee” \ eee i. 200 
180 
160 
140 
120 
| Weeks 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 
| BODY WEIGHT ——=—_ Kg. 
if 5 
“4 COLLOIDAL OSMOTIC PRESSURE sseeeeeereemm./Woter 380 
+ 360 
90 + 340 
85 A.H. No. 218456 White Female, 45 yrs + 320 
80 Pw ees eo? e k 300 
75 i aa weet tem an mnnnnn ane L 280 
ve -———— + 260 
65 + 240 
2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 
100 FH. No. 219889 Col. Mole, 66 yrs. 280 B.W. W.C. No.I0107! 
95 260 804 W.Male, SIYTS.1 300 
90 240 754 280 
85 —_—_—_ 220 70+ + 260 
80 pa pttaeeeeenens, 200 654 , , 240 
75 : oo Neacoennenreneteeny 180 GOT. Pe + 220 
701 i 160 554 tN eo! + 200 
2 4 6 B 10 I2 14 16 18 20 22 24 26 2468 
C.M. No. 218657 W. Female, 36 = — G.L. No. 104253 
.M. No. 21 . Female, yrs. .L.No 
70 380 707 wFemole 40 yrs. } 300 
360 65 ° ¢ +280 
340 + 260 
320 + 240 
50 ‘ 7 ~ [300 + 220 
45 ecocooe*” eae?” 280 r 200 
2 4 6 B 10 [2 14 16 18 20 22 24 2 4 6 B 10 
E.W. No.5906 
W.Male, 36 yrs. 
CoP ber 
320 + 320 
300 + 300 
280 + 280 
260 + 260 
240 + 240 
220 + 220 











T T 


Weeks2 4 6 8 


246 8 10 





10 12 14 16 


Fig. 4.—Relationship between body weight and colloidal osmotic pressure in individu 
during periods of observation described in Fig. 


edema in patients with portal cirrhosis. 


therapy. 











al patients 


It appears likely, however, that factors other than serum protein changes 
ie responsible for the short-term accumulation or dissipation of ascites and 
That one such factor is electrolyte 
balance is suggested by the elimination of edema and ascites incident to resin 
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BEST AND WATHEN 


The long-term rise in serum proteins and colloidal osmotie pressure are 


perhaps explained on the basis of improved nutritional states and greater 
activity by the patient after the loss of edema and ascites. 


SUMMARY 


Caleulated regressions for acute (one to three weeks) changes of body 


weight versus changes in oneotie pressure and serum albumin in patients with 
decompensated hepatie cirrhosis were indistinguishable statistieally from those 


expected on the basis of chance alone. 


Physiologie variations in serum proteins may have obseured a causal rela- 


tionship between changes in serum proteins and accumulation or dissipation of 
edema and ascites, but it appears from the data that factors other than serum 
protein changes alone govern accumulation and dissipation of edema and ascites 
in portal cirrhosis. 


Acknowledgment.—We are indebted to Dr. William A. Brodsky and Dr. Charles H. 


Duncan for aid in statistical analysis of the data. The charts were prepared by the De 


partment of Visual Education. 
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THE STABILITY OF THE VIRAL POTENCY OF SMALLPOX VACCINE 
WHEN PREPARED IN CALE GLOBULIN, DEHYDRATED, 
AND STORED WITHOUT REFRIGERATION 
EUGENE CARDONE 
New York, N. Y. 


IIE need very often arises to transport and use smallpox vaccine in the field 

of tropical and subtropical climates where refrigeration is not available. The 
elveerinated vaccines do not lend themselves for such emergeney use because 
of the rapid deterioration they undergo at temperatures higher than 5° C. The 
deterioration effect was demonstrated ably by Green! who found that these vac- 
cines are almost totally inactivated after twelve days at 37° C. 

The need has long been recognized, therefore, for obtaining a vaccine whose 
poteney remains stable sufficiently long to pass the standards of infectivity such 
as set by the National Institute of Health after exposure to relatively high tem- 
peratures for at least thirty days. This period of time was chosen as the criterion 
of minimal durability because in thirty days’ time, it is felt, stocks of vaccine 
could be transported to distant areas by air and still leave sufficient time for 
their use in the field. 

Numerous attempts have been made to produce this desirable product. Pro- 
tective colloids of many types have been employed for preparing the virus pulp 
emulsion. They have demonstrated substantial protection for the virus for 
limited periods of time when stored at temperatures higher than 5° C.  Good- 
pasture and Buddineh? demonstrated that rabbit serum and Buddingh* that beef 
serum has a protective action for the smallpox virus when stored at high tem- 
peratures. Buddinght compared the protective action afforded the virus by rab- 
bit and beef serums with that of other substances and found the serums to be 
the best. Lloyd and Mahaffy® diluted tissue-culture virus with equal parts of 
normal horse serum, and reported that the virus was protected sufficiently to 
allow it to withstand a temperature of 28° C. for a period of sixty-nine days 
with only slight deterioration effect. At 37° C., however, it lost poteney rapidly 
after the fourteenth day of storage. 

To date the best promise of finding a method of preparing a reasonably 
lurable product has been given by the dehydrated vaccines.*'° Otten’ 7? de- 
hydrated a specially prepared vaecine which was reported to have remained 
stable in viral infectivity for many months when stored at room temperature 
n the tropies. This method, however, did not eliminate the many thousands 
‘f contaminants present in the virus pulp. This feature is immediately ob- 

ectionable because smallpox vaccines for use in human vaccination are re- 
‘tricted to 1,000 organisms per milliliter or less by the standards set by the 
National Institute of Health.’ 


From the Bureau of Laboratories, New York City Department of Health, Foot of E. 15th 
treet, New York, N. Y. ‘ 
Received for publication, June 18, 1953. 
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The objection to the contaminating organisms found in vaccine pulp led 
Rivers and Ward’? to produce a bacteria-free virus propagated in tissue cul- 
ture. Goodpasture and Buddingh" and others were able to produce bacteria- 
free vaccines using this method of virus propagation. 

In our experiments we have used vaccine pulp because we have been able 
to reduce the bacterial contaminants in this product to an aeceptable number 
simultaneously with the production of the vaccine. 


EXPERIMENTAL 


A. Preparation and Dehydration of the Vaccine.—The curetted pulp from the abdomen 
of successfully vaccinated calves is ground through a No. 60 mesh stainless steel sieve. A 
20 per cent emulsion of the ground pulp is then prepared by suspending it in calf globulin 
in the proportion of one part pulp to four parts of globulin. Since the ealf globulin con- 
tains concentrations of 0.6875 per cent phenol and 1 per cent ether*, the resulting concen- 
trations in the emulsion will be 0.5 per cent and 0.8 per cent, respectively. The emulsion 
is again passed through the No. 60 mesh sieve. A volume of one milliliter is placed with 
aseptic technique, and with the aid of a syringe equipped with a long hypodermic needle, 
at the bottom of each dehydration container to be used.+ The contents of the containers 
are shell frozen or pellet frozen and are put in the deep freezer overnight. The follow 
ing morning they are dehydrated. Prior to the dehydration of the vaccine the lyophile 
apparatus is run with blank containers for at least three hours to eliminate the moisture 
and air that is present not only in the closed system but in the oil of the pump and in the 
mereury of the McLeod gauge.15 

For the first two hours of dehydration the vessels containing the vaccine are kept in 
«a freezing mixture at —75° C. The temperature of the mixture is then allowed to warm 
to room temperature. The vaccine is dehydrated for five hours longer. The degree of 
vacuum attained and maintained throughout the dehydration procedure should range be 
tween one and two microns of mercury. The glass containers are then sealed off using 
an oxygen-gas flame. Cracks in the glass or imperfect seals must be avoided because loss 
of vacuum means rapid deterioration of the vaccine. 

B. Testing the Potency of the Vaccine on the Skin of the Rabbit!s.—A sealed container 
is chosen from the lot to be tested, and the outside surface is thoroughly washed with 70 
per cent alcohol. <A scratch is made in the neck of the container and it is opened by pres 
sure at the scratch between several layers of sterile gauze. It is immediately plugged 
with sterile nonabsorbent cotton. To the dehydrated mass is added 0.66 ml. of cold sterile 
saline} to replace the fluid removed from the original volume. More fluid is added to the 
container to make the necessary first dilution. The container is replugged and agitated 
gently for a few minutes to suspend and homovenize the dehydrated mass in the liquid. 
The desired serial dilutions are then made and they are kept cold until they are used on 
the test animals, 

Normal, ciear-skinned, six to nine pound rabbits, thoroughly depilated dorsally, are 
used. Two-tenths milliliter of each dilution is pipetted on a designated portion of the 
back of the rabbit, and the skin under the fluid is gently but firmly irritated with a sterile 
needle with long parallel strokes. The area covered must be approximately 2.5 by 5 em. 

Each dilution is tested simultaneously on each of two rabbits. To determine the 
virus susceptibility of the animals, controls are done on the same rabbits using known 
potent vaccine. The animals are observed for six to seven days. They are examined 
daily for degree of reaction from the third day to the last. The results obtained in the 


two rabbits must conform very closely, otherwise new tests are performed. 





*Attention footnote to Table IT on preparation of calf globulin. 
¢The glass containers are made from Pyrex glass and are shaped like a flask. They are 
large enough to contain approximately 12 ml. of fluid. 
tCold 50 per cent glycerol or distilled water may be used without altering the results. 
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We have used, in our experiments, virus propagated in calf lymph because 
the supply from this source is easily available to us and abundant. Our efforts, 
then, were directed toward finding a means of diminishing the number of con- 
taminants found in this product without causing significant deterioration of 


The use of antibiotics was ruled out because their 


presence in a vaccine that was to be used for human vaccination might cause 
fears of sensitization or of causing untoward reactions in people already sen- 


Satisfactory results were obtained (Table 1) when 


tigated in our laboratory currently. 


BACTERIAL COUNT 


OF PER 


the vaccines were prepared in ealf globulin which contained enough phenol 
and ether to cause the final emulsion of lymph to have concentrations of 0.5 
per cent phenol and 0.8 per cent ether. 

It is to be emphasized at this point that during the period of virus propa- 
vation the calves are sprayed twice daily with various dilutions of ‘“Roceal.’* 
The amount of this reagent that remains in the lvmph and its possible aid to the 
aetion of phenol and ether used in reducing the bacterial count is being inves- 


CENT SMALLPOX VACCINE 


AND IT CONTAINS 0.5 PER CENT PHENOL AND 0.8 PER CENT EITHER 


STATE OF DRYNESS 


OF THE VACCINE 
Not dehydrated t 
Dehydrated 
Dehydrated 


Dehydrated 
Dehydrated 


Dehydrated 
Not dehydrated t 
Not dehydratedt 
Not dehydrated } 
Dehydrated 
Dehydrated 
Not dehydrated} 
Dehydrated 
Dehydrated 
Not dehydrated t 
Not dehydratedt 
Not dehydrated} 
Dehydrated 
Dehydrated 


Not dehydrated} 
Dehydrated 
Not dehydratedt 


*Bacterial count control 


STORAGE 
TEMPERATURE 


(C.) 


Minus 28° 
Minus 28° 
20°-25° 
20°-25° 


Minus 28° 


Minus 28° 
Minus 28° 
Minus 28° 

20°-25° 
Minus 28° 
Minus 28° 

90° -25° 
Minus 28° 


Minus 28° 
20°-25° 
20°-25° 

Si 

Minus 28° 
20° -25° 

Minus 28° 


of vaccine not 


NO. OF 
DAYS 
0 
317 
487 
30 
oe 
487 
104 
591 
59] 


ww 


SOWwWWwWWwWwNNMSO 


He He + POPS bo 


bo BO DO bo w 


dehydrated 


BACTERIAL 
VACCINE CON- 
TAINING 0.5% 


PHENOL AND 
0.8% ETHER 


50 
0 


150 
175 


329 


100 
500 
250 
100 
150 
250 


cr 


» 


300 
450 


COUNT/ML. 
VACCINE CON- 
TAINING NO 

BACTERICIDAL 
AGENT 
200,000 


160,000 
160,000 


150,000 
190,000 


180,000 


*The National Institute of Health restricts the vaccine to 1,000 organisms per milliliter or 
and prepared without phenol and 


tBacterial count control of vaccine not dehydrated but prepared with 0.5 per cent phenol 
id 0.8 per cent ether. 


a germicide sold by the Winthrop Chemical Co., Windsor, Canada. 
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It is evident from the data submitted in Table IIL and others that the 
poteney of our vaecines was not reduced pereeptibly by the action of the con 
centrations of phenol and ether used. 

Calf globulin was chosen as the suspensoid in the preparation of the vae- 
cines because it contains per unit of volume concentrations of the euglobulin 
and pseudoglobulin fractions of serum proteins and any other possible factor 
that could account for the good virus protection results obtained by Good pas- 
ture and Buddingh? and Buddingh* * when they used rabbit and beef serums 
as protective colloids in the preparation of their smallpox vaccines. 

The test for viral potency as performed on the skin of the rabbit is after 
the method of Foree and Leake," following more strictly the modifications in 
technique and interpretation of results as required by the National Institute 
of Health.’* According to these specifications a smallpox vaccine to be aecept- 


TABLE IL. COMPARISON OF THE STABILITY OF THE POTENCY OF SMALLPOX VACCINE WHEN PREPARED 
AND DEHYDRATED IN A BASE OF GUM ACACIA, CALF GLOBULIN AND 
HUMAN PLASMA AND STORED AT 2O° TO 25° C, 


DILUENT 
USED IN 
NO, OF PREPARING 
DAYS OF | THE 20% ; 
STORAGE | EMULSION INFECTIVITY FOR THE RABBIT: % **TAKES’’* DILUTIONS OF DEHYDRATE! 


PREP. AT 20°- | OF VIRUS VIRUS VACCINE MADE IN SALINE 
NO. re VACCINE 1/Mt 1/3M 1/10M 1/20M 1/30M 1/40M 1/80M 
7 44 20% Gum 10/1008 5/100 0/100 0/90 0/90 0/85 0/5! 
acacia} 
S 48 20% Gum 50/100 30/100 0/100 0/90 80 0/70 0/5 
acacia} 
9 46 30% Gum 10/100 5/100 0/100 0/100 0/100 0/100 0/50 
acacia} 
10 50 Calf glob- 100/100 100/100 = 100/100 90/100 85/100 80/100 50/05 
ulin] 
16 63 Calf glob- 100/100 100/100) 100/100 100/100 100/100 100/100 100/100) 
ulin| 
19 43 Calf glob- 100/100 100/100 100/100 100/100 100/100 95/100 40/100 
ulin 
} 133 Human 100 100 100 50 $0 0 0 
plasma 
3 146 Calf glob- 100 100 100 50 410 0 () 
ulin 
Control 0 Saline 100 100 100 70 30 0 0 
not 
dehy 


drated 

*The per cent value is an estimation of the portion of vaccinated area that shows confluent 
lesion. The minimal report of 5 per cent means at least one or two pustules in the area. 

7M = 1,000. 

tThe gum acacia solutions were prepared in saline and sterilized in the autoclave. 

§Numerator — infectivity after dehydration and indicated storage period. 

Denominator = infectivity after dehydration with no storage period. 

The calf globulin was prepared by precipitating heat inactivated calf serum with 50 per cv it 
saturation of ammonium sulfate. The precipitate was collected by filtration and dialyzed agai: t 
sterile distilled water until free of sulphate ion. 1 per cent NaCl, 0.6875 per cent phenol, and ‘) 
per cent ether were added and the product was sterilized by Berkefeld filtration. 

The total solids content of this product was 18 per cent. 
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able for human vaccination must cause in rabbits of good susceptibility lesions 
amounting to: 

*€80 to 100 per cent confluency in the 1:M* dilution: no more than 

a 20 per cent reduction in the 1:3M dilution: at least one discrete 

lesion in the 1:30M dilution, and with an approximately proportionate 

number of discrete lesions in the 1:10M dilution.’’ 

It is evident from the data in the tables submitted that the dilutions em- 
ployed in our tests went a great deal beyond these requirements. The purpose, 
of course, was to present a more complete picture of the durability of the de- 
hydrated virus preparations. 

The protection afforded smallpox virus by ealf globulin was found to be 
much greater than that of 20 per cent and 30 per cent gum acacia (Table IT). 
There are indications, however, that human plasma renders approximately the 
same protective action as calf globulin (Table IT). 

Smallpox vaecines prepared and dehydrated as described show little de- 
terioration of viral infectivity when stored for thirty days at 20° to 25° C., 
(Table III). Moreover, they seem durable enough to be suitable for human 
vaccination by the National Institute of Health standards'® for five hundred 
and ninety-one days, or possibly longer, when exposed to a temperature of 
20° to 25° C. (Table IIT) and for at least thirty days when exposed to a tempera- 
ture of 37.5° C. (Table TV). Indeed, one preparation was still suitable for 
human vaccination after one hundred eighty-six days at the latter temperature 
Table IV). 

It became of interest at this point in our experiments to determine the 
period of time that our dehydrated vaeeines could be stored at —28° C. as re- 


PABLE TIT. THE STABILITY OF THE POTENCY OF SMALLPOX VACCINE WHEN PREPARED IN CALF 
GLOBULIN, DEHYDRATED AND STORED AT 20°-25° C. For 30 DAYS AND OVER 


| PERIOD OF 
STORAGE 
pAYs | INFECTIVITY FOR THE RABBIT: % ‘TAKES’? DILUTIONS OF DEHY 


NO. OF 

PREP. Ar 20° vo DRATED VACCINE MADE IN SALINE 
NO. BG; 1/100 1/M 1/3m | 1/10M ! 1/20Mm | 1/30Mm ! 1/40M | 1/80M 

Control 

Vae. not 

Dehydr. 

eA. Prep.) 0 100 100 100 100 100 100 100 
10 30 - 100 100 100 100 a0 a0) 90 
16 30 100 100 100 100 90 90 80 
18 31 100 100 100 100 90 90 80 
19 30 —_ 100 100 100 100 100 100 80 
18 101 100 100 100 100 100 90 60 
16 142 100 100 100 80 80 80 80 
10 207 100 100 100 100 80 10) 20 
19 212 100 70 30 25 ?() 5 0 
20 213 — 100 0 60 15 10 5 0 
IS 232 100 90 80 60 60 60 60 
16 Sts 90 SO 70 40 40 30 30 0 
13 SoT 100 100 90) S() 30 20) 2() 5 
Is 423 100 100 SO 40) 30 2() 20) 5 
13 D9] 100 95 70 30 20 10 0 0 


After the period of. storage and temperature indicated, the above preparations were still 
litable for human vaccination by National Institute of Health standards of infectivity. 





*Throughout this publication M means 1,000. 
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serve stock. Emergencies, then, could be met by these reserves if the stored 
vaccines could withstand well subsequent high temperatures for the minimal 
period of thirty days. Obviously, this treatment of the vaccine would simulate 
routine cold storage and conditions usually associated with the subsequent 
transportation and its use in the field in warm climates without refrigeration. 
The dehydrated vaccines used for this phase of the work showed almost 
insignificant deterioration effect when tested on the rabbit in dilution up to 
1/80M after a period of four-hundred and eighty-seven days of storage at 
28° C. They showed no deterioration effect at all when tested to the same 
dilution after four hundred and twenty-three days of storage at —28° C.  Sub- 
sequently, when these vaccines were exposed to temperatures of 20° to 25° C. 
and 37.5° C. for thirty days, their viral potency was more than sufficiently high 
and well able to conform with National Institute of Health standards of in- 
fectivity for vaccines to be used for human immunization (Table IV). 


TABLE IV. THE STABILITY OF THE POTENCY OF DEHYDRATED SMALLPOX VACCINE PREPARED 
IN CALF GLOBULIN WHEN EXPOSED TO A TEMPERATURE OF 37.5° C. AND TO COMBINATIONS 
OF TEMPERATURES OF 37.5° C., 20°-25° C., AND MINUS 28° C. 


PERIOD OF STORAGE 





NO. | TEMPERA- INFECTIVITY FOR THE RABBIT: % “TAKES” DILUTION OF DEHY 
PREP. OF TURE DRATED VACCINE MADE IN SALINE 
NO. DAYS Cc. 1/100 1/M 1/3M 1/10mM ! 1/20M | 1/30M | 1/40m | 1/80M 
19* 30 37.5° ~—«:100 100 100 100 90 90 70 50 
20* 43 37.5° 100 100 80 20) 10 10 10 5 
20 56 S70" 100 80 60 10 5 0 0 0 
21* 186 37.0° 100 90 90 70 50 30 30 10 
20 213 37.5" 90 30 20 20 20 10 5 0 
19* °6 5 

18 100 100 100 100 R5 50 20 20 
19* °6 

30 100 100 90 ON 27 207 20 5 
19 26 

93 100 SO 60 10 0 0) 0 0 
13° {87 

30 20°-25° 100 100 100 80 50 10 40 20 
io 487 Minus 28° 

30 375° 100 80 80 60 10 30 30 10 
13 187 Minus 28° 

104 37.5° 100 80 10 10 10 10 5 0 


; *At the end of the period of storage and temperature indicated these preparations were 
still suitable for human vaccination by National Institutes of Health standards of infectivity." 


It may be emphasized that to dehydrate successfully smallpox vaccine pre- 
pared in ealf globulin it is of the utmost importance to dehydrate for the first 
two hours at a very low temperature as described. Attaining and maintaining 
a negative pressure of between one and two microns of mereury throughout 
the dehydration and at the sealing of the glass containers is of equal impor- 
tance. 

SUMMARY 


Highly contaminated smallpox calf lymph was reduced in bacterial count 
until it became aeceptable for the production of vaccines to be used for human 
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vaccination. This effect was obtained when the lymph we used was ground in 
calf globulin and the resulting emulsion contained 0.5 per cent phenol and 0.8 
per cent ether. 

When dehydrated as described, this type of vaccine suffered little if any 
loss of viral potency during the dehydration process. 

The dehydrated vaccine when stored at —28° C. for more than a year suf- 
fered little appreciable loss of viral potency. 

The vaccines that were stored for more than a year at 20° to 25° C. and 
for thirty to forty days, and in one instance tor one-hundred and eighty-six 
days, at 57.5° C. were still potent enough to warrant their use for human vae- 
cination at the end of these periods of time. 

The viral potency of the vaccine preparations we have deseribed was de- 
termined and interpreted according to the standard method as performed on 
the skin of the rabbit and as required by the National Institute of Ilealth. 

The author acknowledges the assistance rendered by Anthony Pignataro and Gloria 


Mamber Schultz in the performance of the many animal tests. 
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TOCOPILEROL RESPONSE CURVES AND FAT ABSORPTION 
Junius POMERANZE, M.D., AND Ratpu J. LUcCARELLO, M.D. 
New York, N. Y. 

MPORTANT. relationships between altered serum tocopherol levels and 

physiologie inadequacy have not been satisfactorily demonstrated in man. 
However, studies indicate a less than normal plasma tocopherol level in mal- 
nourished individuals, and in disease states associated with impaired absorp- 
tion of fat. High serum tocopherol levels have been found in conditions as- 
sociated with hypercholesteremia, although no quantitative relationship has 
been demonstrated.) Abnormally flat tolerance curves following the oral ad- 
ministration of tocopherol have been reported in some eases of cirrhosis of 
the liver... Experimental chronic biliary fistula in dogs on a normal diet, 
causing diversion of bile from the intestinal tract, produees typical muscular 
dystrophy and testicular atrophy of vitamin E deficiency. Presumably, these 
effects and the poor response curves are due to faulty absorption of the vita- 
min. The following studies were planned to determine, in normal individuals, 
whether tocopherol levels are altered by low fat intake; whether absorption 
of vitamin E as determined from tolerance curves can be altered by simul- 
taneous feeding of vitamin E and a fatty meal; and whether absorption of 
vitamin E ean be increased by oral administration in aqueous dispersion. 


MATERIALS AND METHODS 


Two groups of subjects were studied: (a) Twelve normal adults ranging in age 
from 22 to 55 years, free of any history of liver disease or of any recent illness. (b) Three 
adults who had been on a low fat, low cholesterol diet for a period of time long enough 
to achieve significant lowering of plasma lipid levels. 

Serum tocopherol concentrations were determined by «a macromodification of the 
Quaife Biehler method.4, 5 

Tocopherol tolerance tests were carried out as follows. After a fasting specimen 
was drawn in the early morning, 1,500 mg. of tocopherol was administered orally and 
blood samples were drawn three, six, nine, twelve, twenty-four, and forty-eight hours 
later. The preparation of vitamin E in oil was E-Toplex.* Each capsule provides 4d 
alpha tocopheryl acetate equivalent in vitamin EF biological activity to 100 mg. alpha 
tocopherol. The vitamin E in aqueous dispersion was Aquason-E.* Each capsule contains 
100 mg. of equal biological activity. Two weeks were allowed to lapse between each test 
period. 

In the first test period, subjects were kept on a fat-free diet during the experimental! 
procedures. Later these tests were repeated, allowing a heavy fat breakfast containing 
at least 5 ounces of fat in addition to 1,500 mg. of a tocopherol preparation. 

Fluctuations of serum tocopherol which might be spontaneous or due to diet wer 
measured by drawing blood at intervals for a twenty-four hour period in 4 of the norma 
subjects prior to the absorption tests. 

From the Department of Medicine and Nutrition Clinic, the New York Medical College 
Flower and Fifth Avenue Hospitals and Metropolitan Hospital. 

Received for publication, July 3, 1953. 


*Kindly provided by Dr. Louis Freedman, Research Director of the U. S. Vitamin Cor 
poration. 
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Table | demonstrates the concentrations of plasma tocopherol obtained 
in 12 normal individuals before and after a 1,500 mg. dose of vitamin E in oil 
All subjeets were kept on a fat-free diet during 
ig. 1 demonstrates maximal, minimal, and average 


Kasting serum concentrations range from 


The maximum rise achieved with the 


aqueous dispersion was significantly greater than that following the oil prep- 


aration, and maximum elevation was achieved in a shorter time in the ma- 


jority of subjects tested, 







































































The most marked absorption differences between 


























tocopherol in oil and that in an aqueous media were seen in those who showed 
| little elevation following tocopherol in oil, It was in these cases that aqueous 
dispersion of vitamin FE achieved a significantly increased absorption. 
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In Table II is demonstrated the daily variation in plasma tocopherol levels 
No significant changes are noted. 

Table IIl shows the effect of feeding a high fat meal together with 1,500 
Those subjects with a previously flat tolerance curve 
Subjeets in whom 
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vitamin E absorption was good gave increased 
simultaneous feeding of a fatty meal. 


six hour specimen in these subjects. 


COMPARISON 
NATURAL D 

0 
oil O35 
aqueous 0.44 
oil 0.80 
aqueous 0.94 
oil 0.80 
aqueous 0.70 
oil 0.92 
aqueous 0.70 
oil 1.07 
aqueous 1.03 
oil 1.22 
aqueous 1.28 
oil 1.15 
aqueous = 1.26 
oil Liz 
aqueous 0.92 
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TABLE IT. SrerRuUM ToCOPHEROL LEVELS IN RELATION TO NORMAL DIE 
TOCOPHEROL 
PATIENT 9 A.M. 12 NOON $ P.M. 
M. R. 0.35 0.43 0.58 
S. H. 0.94 1.02 LOS 
fees ee 1.14 1.18 1-22 
Ue ie 1.48 1.48 1.46 


tocopherol levels, demonstrated a 


2 plus serum lpemia 


in 


specimen, although no fat was given during the test period. 
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Table IV includes tocopherol tolerances in individuals maintained on low 


fat intake for at least six weeks 
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TABLE IV. SUBJECTS PREVIOUSLY MAINTAINED ON EXTREMELY LOW Fat INTAKE FOR AT LEAST 
Six WEEKS. TOCOPHEROL TOLERANCE WITH 1,500 Ma. VITAMIN E 


0 Ss a 36 9 12 | 24 48 


S. BR. B. Vitamin EF in oil 0.43 0.38 0.58 0.69 0.60 0.64 0.62 
Vitamin FE in aqueous medium 0.49 0.94 1.24 1.20 0.68 0.538 
Vitamin FE in oil and fatty meal 0.52 0.56 0.88 0.92 0.58 0.60 
M. P. Vitamin FE in oil 0.79 0.74 0.84 0.98 0.82 0.73 
Vitamin E in aqueous medium 0.73 1.25 1.48 1.54 0.94 0.78 
Vitamin E in oil and fatty meal 0.78 0.74 1.02 1.04 0.88 0.88 
Gok: Vitamin E in oil 0.38 0.68 0.54 0.70 0.44 0.42 
Vitamin E in aqueous medium 0.36 0.93 1.10 1.02 0.88 0.56 
Vitamin E in oil and fatty meal 0.54 0.65 0.63 0.72 0.72 0.74 
Vitamin FE in aqueous and fatty 0.46 0.88 oD 1.30 1.10 1.02 
meal 


subjects, fasting tocopherol levels were low and a test dose of 1,500 mg. vita- 
min EK in oil produced a minimal response. Levels following a similar tocoph- 
erol dose in aqueous dispersion were significantly elevated. The inclusion 
of a fatty meal with the test dose in oil elicited a significantly increased re- 
sponse in these subjects. In one subject in whom the aqueous dispersion prep- 
aration was administered with a fatty meal, surprisingly higher levels were 
achieved than with any other combination. 


DISCUSSION 


The absence of an expected elevation of serum tocopherol concentration 
after oral vitamin E administration may be attributed either to impaired in- 
testinal absorption or to an increased removal rate from the blood. Previous 
studies® indicate the response curve to be a reasonable reflection of efficiency 
of absorption which is little influenced by the state of tissue storage or utiliza- 
tion of tocopherol. The present results, indicating a greater response when 
vitamin E in aqueous dispersion was given as the test substance, tend to sub- 
stantiate these findings. There also is no apparent relationship between the 
‘asting serum tocopherol level and the anticipated response curve. 

Vitamin E is apparently absorbed from the intestinal tract by the same 
nechanism as exogenous fat, or together with it. The process of intestinal fat 

hbsorption is inhibited following a period of low fat intake, but is quickly 
‘eactivated by a fatty meal. In those subjects not responding to a fatty meal, 
‘he fat absorptive ability of the intestinal tract may be seriously impaired. 
it is in this type of disturbance that the aqueous dispersion of oil soluble vita- 
‘ins is most important. This disturbance may involve intestinal hormones 
ssociated with gall bladder function and the excretion of bile. The effeet of 
ile seeretion on vitamin E absorption is being studied further. The particle 
ze in the aqueous dispersion may obviate the necessity for emulsification by 
iliary seeretion. 

Under normal physiologic conditions the absorption of vitamin E from the 
itestinal tract is good and does not require a dispersing agent. In those eon- 
itions of impaired absorption of fat and fat soluble vitamins, vitamin E in 
i aqueous dispersion may play an important nutritional role. Prolonged fat 








restriction in an attempt to lower serum cholesterol levels in atherosclerosis 
may lead to a significant vitamin KE deficiency unless a supplementary aqueous 
dispersion of vitamin E is administered. 


and that in an aqueous dispersion as an excellent test of fat absorption, 


T04 


The presented data suggest the comparison response of vitamin Ein oil 
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SUMMARY AND CONCLUSIONS 





The range and distribution of serum tocopherol values is extremely wide 


ina group of normal individuals. There is a significant absorption variability 


in these normal subjeets. Intestinal absorption of fat and fat soluble vitamins 


appears to be related to antecedent dietary fat intake. Tocopherol in aqueous 


dispersion permits greater tocopherol absorption in those subjects demon- 


strating impaired absorption of tocopherol in an oily medium, The degree 


of intestinal absorption of tocopherol cannot be predicted from the fasting 


plasma tocopherol level. 
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INFLUENCE OF ALCOHOL CONSUMPTION ON HEPATIC FUNCTION 


IN HEALTHY GAINFULLY EMPLOYED MEN 
LESLIE ZievE, M.D., Pu... anp Earn Hin, M.D. 
MINNEAPOLIS, MINN. 





Hi occurrence of liver disease and function test abnormalities following 

persistent excessive aleohol consumption is well known and commonly seen 
in general hospitals. The liver disease is presumed to follow nutritional 
deficiencies which commonly accompany chronic alcoholism. Tlowever, objective 
information concerning liver function changes in healthy individuals) with 
variable alcohol intake is lacking. The availability of a large group of gainfully 
employed men, called in as part of a follow-up survey, and of semiquantitative 
estimates of alcohol intake enabled us to study this problem. 


METHODS AND MATERUALS 


Case Material.—Data are available on 744 presumably healthy men who were called 
in for examination during a survey of veterans.) Approximately one-half had had acute 
viral hepatitis four to six years prior to examination. The remainder had never had any 
diseases of the liver. The proportions of cases consuming various amounts of alcohol were 
similar for each group. Physical examination was essentially normal in each instance. No 
attempt was made to eliminate cases because of incidental factors such as occupational ex- 
posures of possible but unknown significance. Dietary habits were satisfactory, even in the 
case of those consuming large amounts of alcohol, and there were no evidences of deficiencies. 

Alcohol Consumption.-Information was obtained with a ten-point rating seale (Table 
1) designed to provide a semiquantitative estimate of alcohol ingestion irrespective of the 
beverage consumed, The ten-point rating is recorded separately for each of the three major 
groups of beverages. For each beverage a given rating represents approximately equivalent 
amounts of alcohol. A single final rating is obtained by adding up quantities ingested in 
terms of equivalent amounts of one of the beverages. The rating corresponding to this total 
ntake is then recorded. 

The rating seale was checked by each individual privately, but was carefully reviewed 
vith the subject during the course of the physician’s systemic review. Any inconsistencies 

ere noted by the physician, and unreliable responses were discarded. 

Liver Function Tests—Eleven tests were performed on each individual. Nine of 

tests were performed simultaneously; two were performed on a twenty-four hour urine 
pecimen collected within one or two weeks of the examination in most instances. The follow- 
tests were included: 


Serum bilirubin, one-minute (1’B) and total (TB), mg. % 
Thymol turbidity (TT), units 

Zine sulfate turbidity (ZT), units 

Cephalin cholesterol flocculation (CCF) 

Colloidal red flocculation (CR) 

Per cent cholesterol esters (%CE) 

Bromsulfalein retention (BSP), % 
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Intravenous hippuric acid (HA), Gm. 
Intravenous galactose tolerance (GT), mg. % 
Urine urobilinogen (UU), mg./day 

Urine coproporphyrin (UCP), uwg/day 


TABLE I. ALCOHOL RATING SCALE 
Check (X) the line in each group below that best describes 
how much liquor, wine, or beer you consume on the average. 





Liquors (whiskey, brandy, gin, rum, ete.) 
1. 1 fifth or quart each day 
~. 1 pint each day 
» % pint each day 
t. 6 Ounces (jiggers, ‘‘shots’’) each day or 
1 fifth or quart each week 


». 1 pint each week 

6. 1-3 ounces (jiggers, ‘*shots’’) each day 

7. 4-6 ounces (jiggers, ‘‘shots’’) each week 
8. 1-3 ounces (jiggers, ‘‘shots’’) each week 


9, An oceasional drink each month or a number 
of drinks on rare oceasions 
10. Never any liquor 


Wines 

quarts each day 

2. 2 quarts each day 

». 1 quart each day 

t. 1] pint each day or 3 quarts each week 

). 2 quarts each week 

6. 1-5 half-size glasses each day 

7. 1 pint each week 

S. 1-3 half-size glasses each week 

9, An occasional drink each month or a number 
of drinks on rare occasions 

10. Never any wine 


S 
_— 


Beer, Cider, Ale 





1. 24 bottles each day 
2. 16 glasses or 12 bottles each day 
5. & glasses or 6 bottles each day 
1. 4 glasses or 3 bottles each day or 
IS bottles each week 
5. 16 glasses or 12 bottles each week 
6. 1-3 glasses or a bottle or two each day 
7. 4-6 glasses or 3 bottles each week 
8. 1-3 glasses or a bottle or two each week 
9, An oceasional drink each month or a number 


of drinks on rare occasions 
10. Never any beer, cider, or ale 
Rating 


Corresponding numbers under each of the three beverage groupings represent approxi- 
mately equivalent amounts of alcohol. A single final rating is obtained by adding up quan- 
tities ingested in terms of equivalent amounts of one of the beverages. 


In addition a derived weighted linear combination of the tests giving the best separation 
between a group of normal subjects and a group of cirrhosis patients was calculated for each 
subject. This combination is called the cirrhosis abnormality score (CAS).2 

Details concerning these laboratory procedures are to be found in references three and 


four. 
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Analysis of the Data.—For purposes of the analysis the ten ratings were reduced to 
four alcohol rating (AR) groups as follows: 


Rating Group Consumption equal to 
AR 1-2 One pint or more of liquor each day 
AR 5-4 One fifth each week to one-half pint each day 
AR 5-8 One ounce to one pint each week 
AR 9-10 None, an occasional drink per month, or a number 


of drinks on rare occasions 


Frequency distributions were plotted for each group and each test, and means (% 
standard deviations (S), and percentages of cases exceeding certain limits of each test were 
caleulated. Where appropriate, tests of significance of differences between means and between 
percentages were calculated utilizing critical ratios (difference divided by its standard error ) 
and chi square, respectively. In those instances where a trend was evident, though the indi 
vidual differences between means were not significant, probabilities from the significance 
tests were combined appropriately> and the significance of the combination evaluated by 
means of a chi square test. 

Certain descriptive characteristics—age, weight, and surface area—of each rating 


group are summarized in Fig. 1. 
RESULTS AND INTERPRETATIONS 


The quantitative tests are summarized in Figs. 2, A and 2, B. Group AR 
1-2 consisted of only fourteen subjects, so marked irregularity of its frequeney 
distribution curve is to be expected. 

The various group means for the one-minute bilirubin are insignificantly 
different. The mean total bilirubin for Group AR 1-2 was 0.47 mg. per cent. 
This is probably a significantly lower value than the means of the other groups 

critical ratio for comparison with AR 9-10 is 2.22). Those consuming large 
amounts of aleohol thus tend to have total bilirubin values that are ‘‘more 
normal’’ than those of the more moderate drinkers. 

The various group results were essentially similar for the thymol turbidity 
test. The means for the zine sulfate turbidity test show a suggestive sequential 
increase with decreased consumption, however, none of the individual mean 
(ifferences was significant, nor was a combination of the probabilities resulting 
‘rom the tests of significance. 

The suggestive decrease in total cholesterol with decrease in consumption is 
dequately accounted for by the age differences between the groups and_ the 
nown relationship of cholesterol to age.° 

The per cent cholesterol esters shows a definite trend with reduction of the 
vean values as consumption increases. None of the comparisons among means 

significant, though comparison of AR 1-2 and AR 9-10 yielded a critical ratio 

1.94. A combination of the probabilities resulting from the three tests of 
enificance of differences between the means of adjacent groups yields a sig- 
ificant value (x? for 6 degrees of freedom = 13.5, p < 0.05). The trend is 
us suggestive of a real association with alcohol consumption. 

The intravenous galactose tolerance, urine urobilinogen, and bromsulfalein 
sts do not show.any group differences of note. Neither does the cirrhosis 

normality seore. 
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A finding similar to that for the total bilirubin is noted with the intra- 
venous hippurie acid test. The value for AR 1-2 is ‘‘more normal’’ than those 
for the other groups (eritiecal ratio for comparison of AR 1-2 and AR 9-10 is 
203). The same trend is noted with the bromsulfalein test, though the differ- 


ence is not as marked. 
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Fig. 1.— Descriptive characteristics of alcohol rating (AR) groups. a 
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The urine coproporphyrin test is the only one showing an unequivocal rela- 
tionship to aleohol consumption. The greater the consumption the more eopro- 
porphyrin exereted. Comparison of mean values for AR 1-2 and AR 9-10 
vielded a eritieal ratio of 3.95; for AR 3-4 and AR 9-10, a eritical ratio of 3.53; 
and for AR 5-8 and AR 9-10, a critical ratio of 3.72. Comparison of the per- 
centage of cases exceeding 300 neg. per day (Table IT) shows a significant differ- 
enee in the same direction. Kight and two-tenths per cent of the AR 5-8 eases 
compared with 3.5 per cent of the AR 9-10 eases exceeded 300 pg. per day 
(\? = 5.69, p < 0.02). The implications of these results have been deseribed 
elsewhere.?. This association with aleohol consumption is probably unrelated 
to hepatie status per se. Only one other difference in Table IL is significant 
(comparison of AR 5-8 and AR 9-10 for bromsulfalein scores exceeding 5 per 
cent), and that is adequately accounted for by the relationship of the test to 
hody weight.® 


TABLE II. PERCENTAGE OF CASES EXCEEDING CERTAIN LIMITS OF EACH TEST 


AR 1-2 AR 3-4 AR 5-8 AR 9-10 
N, | N, | % N, | Ny % N, | N % N, | x, | % 
VB >0.20 mg. % 14 0 0 80 5 6.5 87 13 3.4 262 es 5.0 
TB >1.0 mg. % 14 1 to 80 2 O95 | 38h 16 ee 263 14 5 
>1.5 14 0 0 80 0 0 387 ! 1.0 63 5" 1.9 
>2.0 14 0) () S0) 0 0 387 3 0.8 263 1 0.4 
TT =>6.0 units 12 0 0 78 3.8 | 386 14 6 263 18 6.8 
ZT >15 units 14 0 0 80 o. 6 386 6 1.6 | 263 4 £5 
%CE <71% 14 0 O 80 2 85) 387 14 3.6 | 268 4 15 
BSP >5% 14 2 14.3 80 19 -23.7 |.386 74 I92.| 262 -70 2a7 
>10 14 0 0 80 9 2 1380 - 12 3.1 262 17 6.5 
Slo 14 0 0 80 1 io 386 ] 0.3 262 2 0.8 
GT =40 mg. % 14 1 7.1 79 2 2.5 384 7 1.8 257 7 2.7 
HA <0.80 Gm. 13 0 0 80 1 1.3 ro ED 4.0 258 IS 5.8 
UU >3.5 mg./day 14 0 0 76 4 Do 64 | 5.8 252 13 5.2 
>6.0 14 0 0 76 l } 64 6 1.6 952 3 1.2 
UCP =300 wg/day 7. 7 771% © $72) 376 31 82| 25 9 85 
=> 400 13 0 0 76 0 0 376 5 is 255 1 0.4 
CAS =0 units so 6 @ 76460 2 «26 | 365 5 14) 249 7 28 
Ni = Number of cases in group. 
Nz = Number of cases exceeding indicated limit. 


Results with the qualitative tests (cephalin cholesterol flocculation and 
colloidal red) are summarized in Table III. There are no significant group 
differences, 


TABLE IIT. PErRCENTAGE OF CASES WiItH ‘‘ZERO’’ RATINGS ON CCE AND CR TEstTs, 
BY AR GROUP 


AR 1-2 AR 3-4 AR 5-8 AR 9-10 
CCF, 24 hr. wd 100 99 99 100 
CCF, 48 hr. 8s 88 88 84 
CR, 24 hr. 94 98 94 95 
CR, 48 hr. S1 S4 at 76 
COMMENT 


It is clear from this analysis that there is no prominent relationship 
tween alcohol consumption and hepatie function in men whose nutrition and 
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out evident abnormality of hepatie function tests. 
by Cates* and Voegtlin and associates,” excesses leading to hospitalization for 
alcoholism are associated with functional abnormalities. 
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Relatively large amounts of aleohol may be consumed with- 
However, as has been shown 


In these instances the 


proper nutrition and 


Varying numbers of these individuals, by continuing their 


excesses, eventually develop fatty livers and portal cirrhosis. 


Of special interest are the findings that excessive alcohol consumption may 


result. in seores on certain tests, the serum bilirubin and hippurie acid tests 
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particularly, which are ‘‘more normal’? than usual. They suggest the existence 
of hypertunctioning cells, possibly related to minimal damage. 

Evidence of similar hyperfunctioning of hepatie cells has been presented 
previously. Rosenberg and Soskin?® observed hyperexcretion of hippurie aeid 
in thirty-nine of one-hundred patients with mild forms of liver disease. Atkin 
son'! similarly observed hyperexcretion of hippurie acid in gouty patients with 
mild liver damage. In experimental studies Whipple and associates!? observed 
increased excretion of phenoltetrachlorphthalein in a dog after chronic phos 
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Fig. 2, B.—Liver function test results of alcohol rating (AR) groups. 
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phorous poisoning. Likewise Althausen and Thoenes!® noticed that the epine- 


phrine hyperglycemia of rabbits subjected to chronie phosphorous poisoning was 


at first excessive, later decreased, and finally abolished. These findings are 


analogous to the well-known pattern of the sensory nerve which responds to 


minimal damage with hyperesthesia and to more severe damage with hyp- 


esthesia. 


SUMMARY 


In general, with one exception, there is no striking relationship between 


aleohol consumption and liver function test results in apparently healihy gain- 


fully employed men. Urine coproporphyrin excretion varies directly with 


aleohol consumption, probably not, however, as a consequence of hepatic dys- 


funetion. 


Evidence is presented that excessive alcohol ingestion may result in scores 


on certain tests, serum bilirubin, and hippurie acid particularly, that are ‘‘more 


normal’’ than usual. This is probably related to cellular hyperfunetion associ- 


ated with minimal damage. 


i. 
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ANTIRABBIT PLATELET AND RED-CELL FACTORS IN 
NORMAL BLOOD 


(CHARLES W. Musuerr, Pu.D., Epwarp IH. Reisner, JRr., M.D., 
LEO WEINER, M.D., Rrrzu NAKASHIMA, A.B., AND 
JAMES COoLLET?T, M.D. 

New York, N. Y. 


INTRODUCTION 


ITH the demonstration by Harrington and associates! of antiplatelet 

substances in the blood of many patients with idiopathie thromboeyto- 
penia, the proposal that this disease may be caused by humoral agents re- 
ceived renewed consideration, In an effort to find a suitable animal test for 
further investigation, rabbits were injected with plasma and serum from a 
patient with idiopathic thrombocytopenia as well as from a normal control 
subject. A rapidly developing thrombocytopenia with death accompanied by 
hemorrhagic manifestations, resulted in both groups of animals. A survey 
of the literature prior to 1952 revealed only one reference to this phenomenon 
in the Japanese literature.) More recently it has been mentioned by Stefanini 
and associates.’ This led us to a more detailed study of the effeets of normal 
plasma and serum upon the blood pieture in rabbits, which is the subject of 
this report. 

MATERIALS AND METHODS 

Rabbits were injected intravenously with varying amounts of fresh citrated human 
or animal plasma, fresh serum or reconstituted lyophilized pooled human plasma. Erythrocyte, 
total and differential leukoeyte, and platelet counts were performed on ear blood of the 
animals prior to injection and at regular time intervals thereafter. Platelets were counted 


by the method of Toeantinst on arterial blood and with 0.5 ml. of venous blood diluted 
in a red-cell pipette with 3.5 per eent sodium citrate solution, containing 0.2 per cent of 
formalin, Counts were done in an ordinary hemocytometer chamber. Vacuum bottles of 
lyophilized pooled human plasma (Lyovae, Sharp & Dohme) were opened and the amount 
needed for an experiment was weighed out and reeonstituted with a proportional amount 


of the supplied diluent, the remainder being stored in the refrigerator for future use. 
RESULTS 

Experiment I. Effect of Normal Human Plasma or Serum on Rabbit Blood 
Cells—F rom 3 to 25 ml. of normal human serum, fresh or lyophilized plasma 
were injected into an ear vein of 13 rabbits. The results depicted in Tables 
! and Il and Figs. 1 and 2 indicated a fall of platelets and red cells following 
the injection. This was usually apparent at one-half hour and reached a low 
point from one to three hours after injection. If the animals survived, the 
effect persisted up to forty-eight hours depending on the severity of the re- 
action. The effect appeared to be proportional to the amount of plasma or 


———. 
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serum injected and also seemed to be greater with serum than with plasma. 
The white blood cell response was variable, but in most instances there was 
an initial lymphopenia followed in several hours by leukocytosis due to an 
increase of neutrophils. There was no essential difference in the changes ob- 


served in venous and arterial platelet levels. 


8 —____ PLASMA 
+++44 SERUM 
—~-- — LYOVAC 
? X = DEATH OF ANIMAL 


PLATELETS (10°) 











I 1 ! l 1 ! l ! 





YB | 2 3 4 12 24 48 
HOURS AFTER INJECTION 


Fig. 1.—Effect of serum or plasma on rabbit platelets. 


Experiment II. Demonstration of Antirabbit Cell Factors in Plasma From 
Other Species—Four rabbits were injected with 10 ml. each of citrated fresh 
log and sheep plasma. Anemia and thromboeytopenia again resulted (Tables 
| and IT) but to a lesser degree than with equal amounts of fresh human plasma. 

Experiment III. Effect of Heating and Aging on the Anticellular Action 
if Plasma.—Three rabbits were injected with 10 ml. of freshly reconstituted 
yophilized human plasma which had been heated for thirty minutes at 56° ©. 
‘his treatment resulted in precipitation of a heavy flocculum. The decanted 
upernatant was used for one injection, Samples from the same source of 
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Lyovae stored in the icebox were reconstituted four and fourteen days after 
opening the original bottle, and from another sample of Lyovae, five, twelve, 
and one hundred fifty days after opening. Ten milliliters of each plasma 
sample were injected into rabbits. The results (Table III) suggest that the 
same amount of aged plasma produced less anemia and thrombocytopenia than 
it did when first reconstituted, and that antired-cell effect appeared to be lost 
more rapidly than the thrombocytopenic effect. No differences between heated 











and unheated plasma of the same age were apparent. 
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Fig. 2.—Effect of Lyovac on rabbit red-cell levels. 


Experiment IV. In Vitro Hemolysis and Agglutination of Rabbit Erythro- 
cytes.—Normal rabbit erythrocytes were suspended in 2 per cent concentra- 
tion in serial saline dilutions of lyophilized human and fresh dog and sheep | 
plasma. Agglutination occurred up to high titers, as well as hemolysis (Table 
IV). With the same plasmas heated for fifteen minutes at 56° ©. and centri- 
fuged free of precipitate, there was some diminution of agglutination, and 
hemolysis was not observed since complement was not replaced. With plasma 
aged for one hundred fifty days there was an appreciable decrease in activity. 
The erythrocytes of one rabbit which had received repeated inoculations of 
Lyovae exhibited no increase in the titer of agglutination or hemolysis. Dog 
and sheep plasmas agglutinated rabbit cells only in the lower dilutions, the 
dog plasma showing greater hemolyzing tendency. 

Experiment V. Agglutination of Platelets in Vitro.—One volume of platelet- 
rich plasma, prepared by centrifuging normal rabbit blood colleeted in 149 vol- 
ume of sodium citrate at 2,000 r.p.m. for 90 seconds, was diluted in white cell 
pipettes with 19 volumes of fresh human plasma, Lyovac, and samples of plasma 
from two patients with idiopathie thromboeyvtopenie purpura (ITP) obtained 
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. 
’ TABLE IT]. ErrECT OF 
1 
RABBIT 
Pe 
NO. DOSE 
l 12 10 ml. Lyovac 
19 20 ml. Lyovac 
5D 10 ml. Lyovae 
| a7 5 ml. ITP serum 
2! 10 ml. dog plasma 
26 10 ml. dog plasma 
i 1’ 10 ml. sheep plasma 
| 20) 10 ml. sheep) plasma 


TABLE TIT. Errecr or WEATED 
RABBIT ALI. DOSES 
NO. 10 ML. MATERIAL INITIAL 
12 Fresh Lyovae, G74 (78S 
6.83 
7 Lyovae,, + days old 159 
6.9 
17 Lyovac., 14 days old $58 
: 6.42 
157 Lvyovae,, 5 davs old S46 (780 
: 6,06 
25 Lyovae,, 12 days old 521 (604 
; , 7.86 
200 Lvovae., 150 davs old S46 
6,27 
6 Lyovac,, 4 days old 497 


(heated ) 

Lyovac,, 14 days old 
(heated) 

Lyvovac,, 12 days old 
(heated ) 


21 


158 


TABLE IV. 


MATERIAI 


Lyophilized plasma Age. $++4 
Hemol. ++ 
Heated lyophilized Age. +++4 
plasma 
150-day-old Ivophilized Age. $++4 
plasm Hemol. + 
Dog Age. 
HTemol. +44 
Dog (heated ) Age. ++4 
Sheep Agg. + 
Hemol ++ 
Sheep (heated ) Age. t 
nheated plasma (red Aggy. ++4 


cells of previously 
injected rabbit ) 
ted cells of rabbit 
Which had previously 
received lyophilized 
plasma, 2 ¢.¢. daily 
for 8 days 


Age. 


Hemol.  ++4+4 








PLATELET 


SERUM OR PLASMA ON 


INITIAL 


6.83 


6.56 
4S4 
6.66 


746 (700 


6.55 


Arterial platelet counts in parentheses. 


AGGLUTINATION OF RABBIT RED CELLS BY 








AND RED-CELL 


FACTORS 


RABBIT RED-CELL 


R.B.C. ( 106) 
ly HR. ] HR. 
4.67 $.58 
3.78 3.79 
5.95 5.36 
6.12 
6.40 
fess | 
6.43 
6.80 


AND AGED LYOPHILIZED PLASMA ON 











LEVELS 


3 HR. 2+ HR. 
4.62 is 

4.01 Xx 
5.90 

6.38 

5.24 

6.37 pr 
5.86 


5.76 Gs 


RABBIT BLOOD COUNT 





PLATELETS (108) /R.B.C. (106 
ly HR, 1 HR. 3 HR. 24 HR. 
106 (60) 101 (79 993 10 (370 
1.67 4.58 $.62 a ey 
266 (240) 274 (275 295 287 
7.12 6.37 6.26 5.94 
352 (284 343 (308) 282 (355 
6.77 7.00 6.27 
TOT (675 455 (569 623 (693 
5.01 4.26 5.os 
983 (980 348 (270) 273 (300 347 (426 
T.07 5.26 5.82 6.02 
704 641 58S 
6.38 6.31 5.99 
$09 (345 P65 (350) $9] 
6.43 5.S6 
366 (364) . 410 (376) 
6.48 6.45 
{88 (557 ) O38 (647 595 (635) 
6.98 6.54 6.75 
PLASMA IN VITRO 
TITER OF PLASMA 
1:8 L236 | 1:32 | 1264 | 12428) 12256) 1582 
+44 aa eer + 0 
+ +4 + + Tr (} 
$44 4 4 + 0 
+ } a) 
+4 0 
+ 0 
+44 } + 
0 
4 a‘ + 
ie ee pink. dasha, 4.4 + + 0) 
+44 + + ++4 + + 
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several days previously. The mixtures were allowed to stand one hour at room 
temperature, then placed in hemocytometers and examined microscopically for 
agglutination. There was an occasional small clump in all mixtures except in 
one of the two ITP plasmas which showed marked agglutination, swelling, and 
lvsis of the platelets. After being suspended in this particular ITP for thirty 
minutes, the suspension of agglutinated rabbit platelets was passed through a 
filter of glass wool prepared according to the method of Moolten and Vroman.° 
Platelets thus treated showed no tendeney to be filtered out in the Moolten 
filter, in spite of being visibly agglutinated under the microscope. 

Experiment VI, Failure of ACTH, Cortisone, Antihistamines, and Splenec- 
tomy to Prevent the Anticellular Action of Plasma.—A rabbit injected with 5 
mg. of ACTIL three times daily for three days prior to injection with 3 ml. of 
normal human plasma showed no apparent protective action of the ACTH 
against the usual fall of platelets and red cells (Table V). Three rabbits in- 
jected with doses of 10 mg. of cortisone acetate per kilogram of body weight 
twenty-four hours and one hour prior to injection, and 2 rabbits injected, 
respectively, with Neo-Antergan and Benadryl] in doses of 5 mg. per kilogram 
body weight 1 hour before, and 10 me. per kilogram of body weight immediately 
preceding, injection with 10 ml. of lyophilized plasma lkewise received ne 
protection, In two rabbits previously splenectomized, 10 ml. of lyophilized 
plasma had just as great an effect as in the intact animals. 

Experiment VII. Effect of Repeated Injection of Plasma.—Repeated iso- 
lated injections at intervals of seven and forty days did not appear to protect 
against, or enhance the effect and did not produce a progressive thrombocyto- 
penia in 2 rabbits. Repeated daily injections for forty days did appear to 
confer tolerance, as evidenced by the increasing ineffectiveness of graduated 
daily doses from 1 to 10 ml. of lyophilized plasma in one rabbit. Some of this 
effect may have been due to attenuation of the plasma by aging. 

Experiment VIIT. Separation of the Antiplatelet Factor From Normal 
Dog Plasma, and ITP) Serum.—FKresh dog plasma was precipitated with 
('a,(PO,). gel® and the precipitate was eluted with 0.2 M sodium citrate 
solution. In two rabbits 10 ml. of the plasma thus treated was found to retain 
its antired-cell property on injection but to have lost most of its antiplatelet 
effeet (Table VI). The eluate, injeeted into two rabbits in 10 ml. quantities, 
produced a marked thrombocytopenia, but had no effect on the red blood cells. 
(ne-week-old serum from a patient with idiopathic thrombocytopenia was 
similarly treated and the eluted serum and eluate were injected into rabbits 
with respectively similar results. 

DISCUSSION 


These studies indicated that thrombocytopenia and anemia could be pro- 
lueced in the blood of rabbits by the injection of heterologous serum or plasma. 
n most of the animals an initial lymphopenia and subsequent leukocytosis 
vere also observed, but these were inconsistent and probably represent an 
‘alarm’? reaction to the injection, mediated through the adrenal cortex. The 
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TABLE VI. 


RABBIT 
NO, 


41 


KrRECT OF Ca,(PO,), GEL-TREATED DoG PLASMA AND ITP SERUM ON RABBIT CELLS 


DOSE AND MATERIAL 
10 ml. treated dog 


plasma 

10 ml. treated dog 
plasma, 

10 ml. eluate, 

10 ml. eluate, 


5 mi. 


5 mi. treated ITP se 


rum 


5) mil. sodium eitrate 
eluate of treated 





ITP serum 


ITP serum 


levels were observed, 


received less attention. 


rabbit is debatable. 


MUSHETT 


INITIAL 


540 
6.20 
$24 (570) 
6.04 
49] 
5.78 
327 (530) 
7.14 
626 (680) 
6.79 
512 (466) 
6.27 
692 (680) 
5.94 


Arterial blood platelet counts in parentheses. 





ET AL. 


PLATELETS 


ly HR. 
492 (512) 

6.45 
592 (550) 

5.82 
219 (248) 


3.95 


$12 (450) 
6.12 
$50 
6.21 

392 (480 
5.88 


The precipitation procedure with Ca,(PO,). 


(103) 

1 HR. 
501 { 170) 
5.47 
507 (402) 
5.538 
296 (224) 
6.16 
385 (364) 
6.50 
$15 (380 
6.14 
72 (448 
5.62 
519 (491) 
5.69 


antiplatelet and antired-cell effects were apparent one-half to one hour fol- 
lowing the injection and lasted from twenty-four to forty-eight hours. 
were not prevented by splenectomy or treatment with ACTH, cortisone, or 
antihistamine drugs. 

Stefanini and associates® noticed in rabbits the same phenomenon, which 
we have described, as well as a transient thrombocytopenic effect in man fol- 
lowing the transfusion of blood or plasma,® which was due to a faetor in 
plasma, likewise separable by treatment with Ca,(PO,). gel. 
associates’ observed that the arterial platelet levels in such instances lagged 
several hours behind the venous levels, which they interpreted as evidence 
that the factor acted on the platelets in the peripheral capillary bed. 
observation on rabbits no differences between arterial and venous platelet 


might be responsible for the in vivo effects we observed with serum. 


Their presence in different species gives no support 
for an aequired immunologie mechanism for their production. 


R.B.C, 


(106) 
3 HR. 24 HR. 
487 526 (509) 
5.20 5.97 
984 (609) 
1.76 
158 (397 392 (460 
5.83 5.36 
379 (460 
6.82 6.67 
595 
6.38 
165 
6.12 
167 
Bas 
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Whether or not the factor responsible for the depression 
of platelet levels in man is identical with the factor we have studied in the 


and subsequent elution with 
citrate solution, which separates the antiplatelet factor, is known to remove 
prothrombin, some A-C globulin, and serum prothrombin conversion aeceler- 
(SPCA).S 
sponsible for platelet agglutination in vitro in serum but not in plasma’ and 


Prothrombin (or the thrombin formed from it) may be re- 


It does 


not appear likely that such similar effects obtained with plasma and serum 
would be due to different factors, and, since the plasma effects are probably 
not due to prothrombin, it appears more probable that the thromboeytopenic 
factor is something else that is removed with the prothrombin. 
process to investigate this point further. 


Studies are in 


The existence of interspecies effeets in erythrocytes has been known since 
the days of Landois,'” but the coexistence of similar effects on platelets has 











ee 42 ANTIRABBIT PLATELET AND RED-CELL FACTORS Fe. 

The antired-cell factor is classically regarded as a species-specific hemag- 
vlutinin or ‘‘natural antibody.’’ This does not, however, necessarily mean 
that the antiplatelet factor is likewise, although recent evidence!! adds strength 
to the idea that it might be. That acquired antiplatelet substances can be 
formed which agglutinate platelets in the right environmental conditions is 
shown by the studies of Ackroyd’? and of Bigelow and Desforges' with refer- 
ence to the thrombocytopenia produced by sensitivity to Sedormid and quini- 
dine, respectively. Stefanini and associates’? have reported detailed observa- 
tions of a case of idiopathic thrombocytopenic purpura with a platelet ag- 
elutinin possessing characteristies of an antibody. The observations of Hirseh 
and Gardner’ that successive platelet transfusions in patients with aplastic 
anemia showed progressively shorter survivals of the transfused platelets 
suggest the formation of an antiplatelet substance. There is increasing aware- 
ness of the antigenic similarities between many nonspecific antigens and those 
of erythroeytes,’® and the interaction of bacterial antigens sueh as Vibrio 
cholerae with naturally occurring agglutinins in normal blood to form new anti- 
gens capable of inducing the formation of antibodies specific for red cells 
‘treated’? in vitro with the bacteria in question,” or the immunologie modi- 


S 


fication of red cells by viruses,'* suggests possible mechanisms of production 
of auto-agglutinins and hemolysins in acquired hemolytie anemias. Motulsky’® 
has recently reported that influenza virus ean also be adsorbed onto the 
surface of platelets, which suggests that similar mechanisms may operate in 
the pathogenesis of idiopathic thromboeytopenie purpura. 

In view of the current interest in immune pathogenic mechanisms in idio- 
pathie thromboeytopenia, the existence of such naturally occurring antiplatelet 
substances as we have demonstrated is noteworthy, if only in providing a tool 
for the ready production of thrombocytopenia in rabbits. The possibility that 





the aetivity of such substances may be enhanced by nonspecific immune re- 
actions coexisting independently, bringing about a destruction of platelets 
that initiates the formation of more specific autoplatelet agglutinins, is sub- 
mitted, in the absence of specific proof, as a working hypothesis to explain 
the pathogenesis of idiopathie thromboeytopenie purpura. 


SUMMARY 


Normal human, dog, and sheep plasma or serum contains antirabbit 
latelet and erythrocyte factors which produce thrombocytopenia and anemia 
n rabbits following intravenous injection. These factors are relatively stable 
‘o heat, but labile on aging. Their effect is not opposed by ACTH, cortisone, 
intihistaminies, or splenectomy. The antiplatelet factor can be separated 
rom the plasma by chemical means that also remove prothrombin. 
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XI. ANTIGENICITY OF PLATELETS AND EVIDENCE OF PLATELET GROUPS 
AND TYPES IN MAN 
MARIO STEFANINI, M.D.,* Grraup I. PLitman, M.D.,** WitutaAM DAMESHEK, 
M.D.,*** Jvort B. CHATTERJEA, M.D.,**** Irma B. MEpDNIcOFF,***** 
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ILE administration of heterologous platelets to animals results in the pro- 

duction of specific antiplatelet serum. ‘‘Immune’’ serum causes marked 
thromboeytopenia when injected into the circulation of the donor animals. Sueh 
experiments, performed by Marino! as early as 1905, established the hetero- 
antigenicity of blood platelets. 

More recent observations suggest the iso- and autoantigenicity of blood 
platelets as well. A thrombocytopenic factor has been demonstrated in the 
plasma of some patients with idiopathic thrombocytopenic purpura,’ and plate- 
let iso- and autoagelutinins have been detected in the plasma of these patients.** 
lurther and, perhaps, more direct evidence for platelet iso- and autoanti- 
genicity has been obtained in the course of platelet transfusion studies. Patients 
with secondary or ‘‘amegakaryocytic’’ thrombocytopenic purpura show pro- 
zressively less benefit from repeated platelet transfusions.*'' At the same time, 
they may develop iso- and, occasionally, autoplatelet agglutinins,'” '? and their 
plasma may induce thrombocytopenia when injected into normal recipients." 

The demonstration that platelets are antigenic suggests the existence of in- 
dividual platelet groups and types. In 1923, Toda’ tried to investigate the 
presence of different antigenic structures in platelets by the use of anti-red cell 
iuman sera. Ile failed, however, to observe agglutination of platelets in a lim- 
‘ted number of experiments. More recently, Harrington and associates” * have 
liseussed the existence of different platelet types. Eight individual types were 
sstablished by these authors,’ and one was clearly identified by absorption stud- 
es in vitro and immunization studies in vivo. Evidence for the existence of 
everal platelet groups and types in man is presented in this article. 
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MATERIALS AND METHODS 


(A) Detection of Platelet Agglutinins—Among many techniques, the following was 


found most satisfactory: 


Reagents: (1) Platelet-rich plasma was prepared as follows: blood was collected in 
silicone-coated glassware (double svringe technique), through Arquad 2-C coated needles from 
healthy donors. One-tenth volume of Sequestrene-Na, 1 per cent in 0.7 per cent NaCl was 
the anticoagulant solution, The blood was centrifuged at 1,000 r.p.m. for fifteen minutes 
in a refrigerated centrifuge at 4° C. The supernatant platelet-rich plasma was trans 
ferred with silicone-coated pipettes to another silicone-coated test tube. The remaining 
biood was then centrifuged for thirty minutes at 8,000 rp.m, at 4° C., and the platelet 
poor plasma obtained was used to adjust the platelet count of the platelet-rich plasma to 
200,000 per cubie millimeter as determined by a direct method.15 The final preparation of 
platelets was stored at 4° C. and used within five hours of collection. Alternatively (for 
detection of complete antibodies) platelet suspensions in saline prepared as deseribed!® and 
adjusted to a final count of 200,000 per eubie millimeter were used. 


(2) Platelet-poor plasma was used as the source of the agglutinin. Blood was col 


lected from the individuals studied as described in (1) and immediately centrifuged at 
3,000 rp.m. for thirty minutes at 4° C. The supernatant, platelet-poor plasma (containing 
at the most 5,000 to 10,000 platelets per cubic millimeter) was used within five hours of col 
lection. In some instances it was quickly frozen, stored at -20° C. and used within five 
hours after thawing. It was found occasionally, however, that thawed plasma would be 
able to agglutinate a larger number of platelet samples than when freshly collected. For 
this reason, most of the experiments were conducted with plasma tested within five hours 
of collection. 


Technique: Equal volumes (0.1 mi.) of platelet suspension in plasma (or in saline 
solution) and platelet-free plasma being studied for agglutinins were transferred to a 
silicone-coated test tube, the mixture incubated for sixty minutes at room temperature 
and then centrifuged at 500 r.p.m, for two minutes. After resuspending with gentle tap 
ping, the mixture was poured over a silicone-coated slide,* and covered without applying pres 
sure with a chemically clean cover slip. Agglutination was read under x430 magnification 
(high dry objective lens of the microscope and 10« eyepiece). It was graded from 1 to 
3+ depending on the number of platelet clumps in each field and their size (Fig. 1). Sev 
eral techniques were tried to improve the sensitivity of the test. Acidification of plasma 
with citrie acid,? trypsinization of platelets, addition of splenic extracts, all failed to make 
the test more sensitive. Normal, nonagglutinating Sequestrene-Na,-treated, platelet-poo: 
plasma was used to dilute the agglutinating plasma when the titer of the latter was to be 
determined. 

2 


(B) Agglutinin Absorption Technique.—Platelet buttons were prepared by centrifuging 


at high speed (38,000 r.p.m. for thirty minutes at 4° C.) platelet-rich plasma from 20 ml 
of blood. The button was washed with saline solution twice. To absorb the agglutinin, 
ml. of plasma was transferred to a test tube containing a platelet button; the platelet 
were resuspended by stirring with a silicone-coated glass stirring rod and the mixture in 
cubated at 37° C, for thirty minutes. The supernatant was then separated by centrifuga 
tion at 3,000 r.p.m, for fifteen minutes. The procedure was repeated until the supernatan! 
was no longer able to agglutinate the original platelet suspension, Two to four absor} 
tions at least were necessary in each case. 

(C) Stimulation of Agglutinating Titer In Vivo.—Repeated transfusions of “incon 


patible’? platelets were administered to individuals whose plasma demonstrated some 0 
no agglutinating activity against certain platelet samples. Two techniques were used 


*Slides treated with 10 per cent silicone in petroleum ether, repeatedly washed with ta) 
and distilled water, then left under distilled water until the moment of use, when they wer: 
carefully dried with lint-free gauze. 
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small intravenous injections of 25 to 50 ml. of platelet-rich plasma, weekly for six to eight 
weeks; large transfusions (500 ml.) at intervals of four to six weeks. The agglutinating 
titer of the platelet recipient was followed at regular intervals with the procedure de 
scribed above. 

(D) Preparation of Anti-Tuman Platelet Plasma in Rabbits——Albino rabbits, of 6 
pounds average weight, were given at weekly intervals plasma-free suspensions of plate 
lets in saline solution prepared from 40 ml. of blood from the same human donor. The 
rabbit plasma was originally unable to agglutinate human platelets. An antihuman plate 


let agglutinin developed, however, within a three-week period, with a titer of 1/32 to 


1,128 in single eases. Each plasma was then absorbed twice with saline-washed group O 
jatelets of human origin, as deseribed in (B). The absorbed plasmas were then tested 
| $ 


against various samples of human platelets in plasma. 
(E) Administrations of ‘‘immune’’ plasma, ‘‘incompatible’’ plasma, human platelet 
rich plasma and of various preparations of platelets for determination of platelet survival 


time were performed as indicated in previous communications, 14-16 
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(1) CENTRIFUGED AT JOOORPM FOR 15 MIN. 
(2) CENTRIFUGED AT 3,000 RPM FOR 30 MIN. 


ALL GLASSWARE COATED WITH SILICONE; BLOOD COLLECTED THROUGH ARQUAD 
2-0 NEEDLES IN SILICONE-COATED SYRINGE; 1/10 SEQUESTRENE—Ne, (0.7 TO 1%) 
USED AS ANTICOAGULANT. ACIDIFICATION OF PLASMA, TRYPSINIZATION OF 
PLATELETS OR AODITION OF SPLENIC EXTRACT DO NOT ENHANCE AGGLUTINATION. 


Fig. 1.—-Detection of agglutinins in “grouping and typing” of platelets.* 


RESULTS 

I. General Evidence for the Evistence of Platelet Groups and Types.— 

(A) Development of platelet agglutinins in patients with ‘‘amegakaryo- 
ytic’’ thrombocytopenic purpura receiving multiple platelet transfusions: 
uring the past three years, we have administered three or more transfusions 
variously prepared platelets to thirty-six patients with ‘‘amegakaryoeytie’ 
‘secondary thrombocytopeni¢ purpura.'’ Of these patients, 21 (58 per cent) 
lowed progressively decreasing response to the hemostatic effect of platelet 
‘ansfusions and shorter survival of transfused platelets. Seventeen patients 
‘7 per cent) developed platelet agglutinins in titers varying from 1/2 to 1/32. 
lie plasma of six patients (capable of agglutinating platelets in vitro at a 
ter of 1/16 or higher) induced thrombocytopenia when transfused into nor- 


*One per cent Sequestrene-Naz in 0.7 per cent NaCl was used in most experiments. The 
‘centration of the anticoagulant was lowered to a minimum figure of 0.7 per cent Sequestrene- 
in 0.7 per cent NaCl in few experiments to reduce the anticomplementary activity of 
juestrene, 
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mal recipients (Table 1). This finding is in agreement with previous observa- 
tions that platelet agglutinin titer in vitro and thrombocytopenic effect in vivo 
are closely correlated in patients with idiopathic thrombocytopenic purpura 
who exhibit platelet agglutinins.’ ’ Many of the patients studied were re- 
ceiving ACTH and/or cortisone while transfused. Thus, the use of the hor- 
mones seemed unable to prevent the development of platelet agglutinins 


(Table 1) 


TABLE I. DEVELOPMENT OF PLATELET AGGLUTININ, THROMBOCYTOPENIC EFFECT OF PLASMA 
AND RESISTANCE TO PLATELET TRANSFUSION IN 22 OF 36 PATIENTS OF ** AMEGAKARYOCYTIC *? 
PURPURA RECEIVING MULTIPLE PLATELET TRANSFUSIONS 





RESIST- 
PLATELET | ANCE TO THROMBO 
AGGLU PLATELET | CYTOPENIC 
TININ, TRANS EFFECT OF 
PATIENT, SEX, AGI CLINICAL DIAGNOSIS TITER FUSIONS PLASMA | THERAPY 
l cS ee M, 16 Lymphocytic leukemia 1/4 + None ACTH 
(acute 
2 S.S., M, 73 ITypoplastic anemia ; None Cortisone 
4 ce M, 51 Aplastic anemia 1/32 ' + ACTH 
! Se EF, 19 Hypoplastic anemia 1/16 ; t ACTH 
5) Je AS, M, 60 Metastatic carcinoma 1/16 t + Cortisone 
( prostate ) 
6 S: W.. F. 55 Lymphoeytic leukemia 1/4 t None 
7 ass. M, 49 Aplastie anemia 1/8 ; None 
Ss fas $5. M, 47 Metastatie carcinoma 1/4 : 
(lung ) 
9 = ie | M, 35 Hypoplastic anemia 1/4 ; None 
10 D.J., F, 12 Aplastic anemia ; None 
1] W.M., F. 14 Aplastic anemia 1/8 : ACTH 
ke B. M., F. 34 Hypoplastic anemia 1/16 ¢ + 
13 D.S., M, 45 Hypoplastic anemia 1/2 t None Cortisone 
14 MR, M, 3 Lymphocytic leukemia 1/16 t ACTH 
(subacute 
15 ACK... PDs Lymphoeytic leukemia 1/4 ' None ACTH 
(subacute ) 
16 W.E., F. 63 Lymphocytic leukemia 1/8 ; ‘ ACTH 
(subacute ) 
17 aD. FF. «4 Lymphocytic leukemia i None ACTH 
(subacute 
18 S. DiP., M, 43 Hypoplastie anemia 1/4 + None Cortisone 
19 MH. F, 42 Hypoplastic anemia 1/16 + ACTH 
20 MD. fF. 35 Granulocytic leukemia : None ACTH 
21 S. D., M, 59 Lymphosarcoma 1/4 + None Nitrogen 


mustard 


*Not determined. 


(B) Development of platelet agglutinins in nonthrombocytopenic patients 
receiving multiple transfusions: During the past three and one-half vears, 2¢ 
patients who did not present thrombocytopenia received multiple transfusion 
of platelet-rich blood or plasma for various reasons. The plasma of 9 of thes: 
patients was found to agglutinate platelets. One case, a hemophiliae (Iig. 2 
developed thrombocytopenia and resistance to the hemostatie activity of anti 
hemophilie globulin. His plasma agglutinated platelets from many donor: 
and the patient’s own platelets. 

Platelet isoagglutinins were also detected in nine instances in a group o 
295 patients who had received multiple transfusions of blood and plasma co! 
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lected and administered without consideration of platelet preservation. The 
nine ineluded 2 patients with Mediterranean anemia, 2 with cirrhosis of the 
liver with repeated hematemesis, | with hemophilia, 1 with ‘‘fibrinolytie pur- 
pura’’ due to disseminated carcinoma of the prostate, 1 with paroxysmal noe- 
turnal hemoglobinuria, and 2 with aplastie anemia. The development of 
platelet agglutinin in a patient of paroxysmal nocturnal hemoglobinuria who 
had received only transfusions of saline-washed red cells to prevent trans- 
fusion reactions cannot be satisfactorily explained. 

Comparing the figures of the last paragraph and those of the first para- 
graph and section (A), we have been impressed by the higher incidence of 
platelet agglutinins in the group of patients transfused with ‘‘viable’’ platelets 
(blood or plasma collected in silicone-coated bottles or in plastie bags). This 
finding raises the question as to whether well-preserved platelets are more 
antigenic than damaged platelets and platelet products collected in glass 
hottles. That this may be true is also suggested by the observation that as 
few as 2 to 3 transfusions of well-preserved platelets were often followed by 
the development of platelet agglutinins in thromboeytopenic recipients. 
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WITH DEVELOPMENT OF PLATELET AUTO-AGGLUTININ PATIENT BECAME THROMBOCYTOPENIC. 
Fig. 2.—Development of iso- and auto-platelet agglutinin and thrombocytopenia in a 


emophiliae receiving multiple blood and plasma transfusions. (This patient also developed 
icreased resistance to the hemostatic effect of transfusions. ) 


(C) Platelet agglutinins in the plasma of patients with idiopathic throm- 
ocytopenic purpura: Detection of platelet agglutinins in the plasma of pa- 
ents with idiopathie thromboeytopenie purpura has been reported by several 
thors as well as by us.*" In our series of 78 cases of idiopathic thrombo- 
vtopenie purpura, platelet agglutinins were detected in a total of one case 
' the ‘‘acute’’ variety and 21 of the ‘‘chronic”’’ variety’ (Table II). The 
‘esence of platelet agglutinins was accompanied in 15 cases by the ability of 
ie patient’s plasma to induce thrombocytopenia in a normal recipient. This 


9? ‘ 
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was extremely pronounced and prolonged (seven to eight days) in only two 
cases, with platelet agglutinin titers of 1/2048 and 1/512, respectively. Table 
I] shows that, in 13 instanees, an autoagglutinin was also present. In 2 in- 
stances, an autoagglutinin represented the only antiplatelet factor detected 
in the patient’s plasma.* The antiglobulin technique previously deseribed!! 


detected a ‘‘eoatinge’’ agglutinin in 6 eases. 


TABLE IT. PRESENCE OF PLATELET ISOAGGLUTININS AND AUTOAGGLUTININS, THROMBOCYTO 
PENIC EFFECT OF PLASMA AND SURVIVAL OF INJECTED PLATELETS IN 22 OF 78 CASES 
OF IDIOPATHIC THROMBOCYTOPENIC PURPURA 


PHROMBO 


AUTO ISO COATING | CYTOPENIC RESULT OF 
AGGLU AGGLI AGGLI EFFECT OF PLATELET SPLENEC 
PATIENT, SEX, AGI TININS TININS TININS PLASMA SURVIVAL TOMY 
l Ai. FE. OSs 1/4 1/4 + + } hours Good 
= Bilis, E. 57 1/2 1/8 0) 
ae iy Mm 25 1 1/16 Negative 
it P:6:. <i> ‘Sseute’’ 1/2 
5 M.S., i Se 1/8 (0) 3 hours 
6 a M, 1] 1/16 1/8 a) + 1 hour Good 
i Asa KF, 44 1/2 1/8 
8 M.I F, 42 1/2 0 + 12 hours Good 
9 M.R F, 28 1/2 0 0 1S hours Good 
10 Cd Fr. 39 1/2 1/4 0 0 S hours 
[a BE... F, 48 1/16 1/16 + t 10 hours Good 
bi Be ae M. 52 1/4 + 2 hours Negative 
is 62: Z.. MoT 1/512 1/256 ' +4 2 hours Negative 
4 &P.. M, 10 1/8 0 + t hours Good 
ie. “Esa. F, 83 1/16 0 + 12 hours 
16 M.K.., F, 59 1/2048 1/2048 0 hours Negative 
i @ek.. F, 14 1/2 + + hours Good 
is G.T.. ee Weg 1/8 1/8 0 + 12 hours Good 
19 M.H., FE, 56 1/16 + Negative 
20 D.McG., F, 21 1/8 1/16 0 ' 6 hours Good 
21 K.B., F, 38 1/8 0 0 : 12 hours Negative 
22 M.P., . 27 1/2 () 0) 0) 





Direct serologie techniques and absorption studies indicated that, with 
two exeeptions only, the agglutinin would be active against all samples of 
platelets (‘‘panagglutinin’’). Negative agglutination tests would at times be- 
come positive if careful consideration was given to the optimum proportion 
between number of platelets in the final mixture and titer of the agglutinin 
(Table 111). In the two eases representing the exception, only some samples 
of platelets were agglutinated by the patient’s plasma. In 12 of 15 eases 
studied, splenectomy failed to cause disappearance or even diminution in titer 
of the platelet isoagglutinin. In 5 of 9 eases, however, while the isoagglutinin 
persisted at practically unmodified titer, the autoagglutinin was found to have 
disappeared between fifteen and thirty days following splenectomy (Table 
IV). In all eases, the platelet count had returned to normal or high level in 
five to ten days. 

*Presence of autoagglutinin was tested by mixing the plasma of the patient collected at 
the time of maximum thrombocytopenia and kept under frozen storage with the platelets col- 
lected at the time of partial or complete remission. Also, by examining plasma separated from 
the patient’s blood by slow-speed centrifugation at the time of severe thrombocytopenia, it was 


possible, at times, to see few platelets collected in small clumps. This phenomenon, however, 
was too inconstant to be utilized as evidence for platelet autoagglutinins. 
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laABLE ITI]. IMPORTANCE OF OpTIMUM PROPORTION BETWEEN NUMBER OF PLATELETS IN THE 
FINAL PREPARATION AND CONCENTRATION OF THE AGGLUTININ FOR THE POSITIVITY OF 
THE AGGLUTINATION TEST AGAINST DIFFERENT PLATELET SAMPLES 


NUMBER OF PLATELETS 
IN FINAL MIXTURE” | | 
PER C.MM. 25,000 d0,000 | 79,000 LO0,000 PO00,000 | 300,000 


Preparation of platelet, 
donor 
l 
» 
a + 
4 
D 
6 + 
f + 
8 } n + 
9 } 
10 + 4 i } 
Patient : A, G., 58-year-old woman, “chronic idiopathic thrombocytopenic purpura.” 
Platelet isoagglutinin, titer against most platelets: 4. 


*0.1 ml. of platelet suspension in plasma + 0.1 ml. of platelet-poor patient’s plasma. 


PABLE IV. EFFECT OF SUCCESSFUL SPLENECTOMY ON THE TITER OF ISO- AND AUTOPLATELE 
AGGLUTININS IN FIVE PATIENTS WITH IDIOPATHIC THROMBOCYTOPENIC 
PURPURA (‘‘CHRONIC’’ VARIETY ) 


AUTOAGGLUTININ ISOAGGLUTININ 

BEFORE AFTER BEFORE AFTER 
PATIENT, SEX, AGE SPLENECTOMY |= SPLENECTOMY | SPLENECTOMY | SPLENECTOMY 
H.C, F, 46 1/16 neg. 1/32 1/16 
D.McG., F, 21 1/8 neg. 1/16 1/8 
1 Se ae M. 1 1/16 neg. 1/8 neg. 
G. T.. pi ay 1/8 neg. 1/8 1/8 
A.G., F, 58 1/4 neg. 1/4 1/4 


(D) Thrombocytopenic effect of normal plasma: As previously reported," 
administration of compatible plasma caused transitory and moderate drop in 
the platelet count of 7 to 8 of 10 normal recipients. This finding was previ- 
ously considered evidence of platelet antigenicity and of the existence of 
platelet groups and types. Further work has indicated, however, that the 
thromboeytopenie effect of normal plasma is probably unrelated to platelet 
igelutinins or platelet incompatibility.” 

Il. Specific Evidence for the Existence of Platelet Groups and Types in 
an. 

This was sought for by the following techniques, which have been deseribed 
the section on Materials and Methods: 

agglutination of platelets by normal plasmas (naturally occurring ag- 

lutinins) ; 

agelutination of platelets by ‘‘immune’’ plasmas (aequired agglutinins) ; 
agglutination of platelets by ‘‘absorbed’’ immune heterologous plasmas. 
(A) Agglutination of platelets by plasmas of normal, previously untrans- 
ised individuals (platelet groups): Platelets and plasmas of 215 healthy in- 
ividuals, never previously transfused, never pregnant, and not receiving medi- 
ition of any kind were cross-tested. Of these plasmas, 15 (approximately 
per cent) showed ability to agglutinate consistently the platelets from some 
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of the donors. Platelets from 41 individuals (approximately 19 per cent) 
were consistently agglutinated by one or more of the plasmas (Table V). 
Analysis of the data (ineluding over 55,000 agglutination tests) revealed the 
probable presence of two agglutinins which may be designated as anti-I and 
anti-Il, the corresponding antigens being designated as I and Il. The inei- 
dence of each antigen in this series of normal individuals is given in Table V. 
our platelet groups are then probably present: I, IT, WI (14+ 11) and TV (0). 
Many of the agglutination tests were run in duplicate, and, as suggested by 
Dr. Alexander S. Wiener, using the ‘‘blind test’? technique; consistent results 
were obtained. The designation of the two platelet group antigens as A, B, 
AB, and © has also much to recommend itself, provided it is clearly under- 
stood that this classification in no way relates platelet to red-cell groups. 


TABLE V. DESIGNATION OF PLATELET GROUPS AND THEIR INCIDENCE AMONG THE GENERAI 
POPULATION (285 INDIVIDUALS) 
PLATELET GROUPS I Il II (I + II) IV (0) 
Platelet agglutinin 
5 
anti-I (3.5 per cent 


anti-IT (2.5 per cent) ' ; ss 


Incidence, per cent ~ 10.2 4.6 Be 81.5 

Further demonstration of platelet groups was made by agglutinin ab- 
sorption techniques. Absorption of plasma containing agglutinin anti-I with 
platelets of group I or III], and of plasma containing agglutinin anti-IT with 
platelets of group II or III, respectively, left a plasma incapable of aggluti- 
nating any platelet sample. In vivo studies also offered parallel conelusions. 
A recipient of platelet group O and nonexhibiting agglutinins was given, 
weekly, 25 ml. of group I platelet-rich plasma. Eight weeks later, his plasma 
would agglutinate platelets of group 1 donor at a titer of 1/8. Moreover, at 





the beginning of the experiment the administration of 250 ml. of the recipient ’s 
plasma into the donor would cause only mild and transitory thrombocytopenia. 
Fight weeks later, the thrombocytopenia induced with a similar experiment 
was much more marked and prolonged (Fig. 3). <A recipient of platelet group 
IV (QO) whose plasma contained a low-titer (1/4) anti-I platelet agglutinin. 
was given weekly intravenous injections of 25 ml. of platelet-rich plasma from 
a platelet group I donor. His anti-I platelet group titer had risen to 1/32 
after eight weeks. Prior to the study, the administration of 250 ml. of plasma 
from the recipient to the donor would cause only moderate thrombocytopenia 
The thrombocytopenic effeet was, however, much greater after the rise in the 
platelet agglutinin titer (ig. 4). 

Individuals of platelet group LV (QO) ineluded approximately 80 per cent 
of the subjeets examined. To break down this large group, the following 
study was conducted. Sixteen volunteers were divided in 8 groups of one 
donor and one recipient. The recipient received the platelet-rich plasma from 
20 ml. of the donor’s blood weekly for eight weeks. At the end of the study, 
none of the recipients had developed agglutinins against either the donor’s 
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Fig. 3.—Development of platelet agglutinin in an individual receiving group noncompatible 
platelets. The development of an anti-I agglutinin was accompanied by increased thrombocy- 
topenic effect in vivo of his plasma, when inected into the platelet donor. 
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Fig. 4.—Thrombocytopenic effect in vivo of plasma of individual exhibiting platelet anti- 
agglutinin when injected into individual of platelet group I. (Note the increased thrombo- 
be ay effect of the plasma following repeated transfusions of group I platelets in the in- 
vidual. ) 
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or any other sample of platelets. This study seems to confirm the homogeneity 
of this large group of nonagglutinating plasmas and nonagglutinable platelets 
among the general population, 

The 13 agglutinators all belonged to group IV (QO). Their agglutinin was 
probably naturally occurring, since none of the individuals had been preg- 
nant or had been transfused, although it is, of course, possible that the ag- 
glutinin could have developed in response to an antigenic stimulus of unknown 
nature. The agglutinin was equally active against saline or plasma suspen- 
sions of platelets. Platelets in saline, however, exhibited as a rule stronger 
clumping, possibly because the damage caused by their repeated centrifuga- 
tion and washing had made them more sensitive to the activity of the ag- 
vlutinin. Plasmas of the individuals whose platelets were agglutinated did 
not clump platelets of the agglutinating plasma or any other. At least in these 
experiments, there was no apparent relationship between red-cell and platelet 
Groups. 

(B) cAgglutination of platelets by plasma of pregnant women: The plasma 
from 20 recently delivered healthy women* was tested against the platelets 
of 28 healthy individuals. In 19 eases, the results were similar to those ob- 
tained with normal plasma. Interestingly enough, the plasma of one mul- 
tipara who had been transfused three times at the termination of two previous 
pregnancies agglutinated consistently 75 consecutive samples of platelets in 
saline or plasma. The patient’s platelet count was normal and her three chil- 
dren did not show evidence of thrombocytopenia or purpura at birth. The 
patient’s plasma did not agglutinate her own platelets, but clumped those of 
two of her children tested, at a titer of 1/4. The weakness of the titer may 
account for the failure to observe thrombocytopenia in the newborn children, 
if the agglutinin had in effeet gained entrance from the maternal to the fetal 
circulation. Whether the child’s platelets could be agglutinated by the child’s 
own plasma collected at birth could not, unfortunately, be studied, 

(C) Agglutination of platelets by *timmune’’ plasma (platelet types): The 
plasmas of 15 patients who had developed platelet agglutinins after repeated 
transfusions were used. Twelve were patients with hypoplastic or aplastic 
anemia who had received several transfusions of ‘‘viable’’ platelets; one with 
hemophilia and two with Mediterranean anemia. Six of these plasmas were 
found to agglutinate 50 consecutive samples of platelets and probably con- 
tained platelets ‘‘panagelutinins,’’ with a titer from 1/4 to 1/16. Dilution 
of these plasmas with normal group-compatible plasma in an attempt to de- 
tect finer differences in their agglutinating ability did not change the results 
obtained or, if the dilution was marked, produced negative results, 

The remaining 9 plasmas agglutinated some, but not all platelet samples. 
yv using these plasmas as typing plasmas, it was found that only 6 would 
clump different samples and that, on the basis of agglutination tests, six sero- 
logically different types of platelets could be possibly recognized (Table VI). 
The definition of **type’’ was selected because these antigens were revealed by 
‘immune’? plasmas, as against ‘groups’? which were revealed by naturally oc- 
curring agglutinins. 





*Courtesy of Dr. Arthur J. Gorman, Saint Elizabeth Hospital, Brighton, Massachusetts. 
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TABLE VI. DESIGNATION OF PLATELET TYPES AND INCIDENCE AMONG THE GENERAL Popuna 
TION (350 INDIVIDUALS) 


PLATELET TYPES | l | 2 3 | 4 5 6 
Plasma 1* 
» 


} 
5* 
6* + 
Incidence, % 34.42 10.28 18.43 18.28 16.16 2.43 


*Of nine “immune” plasmas, two behaved like 1, 5, and 6. 


The six serologic types were investigated critically with experiments of 
agglutinin cross-absorption. Each ‘‘typing’’ plasma was absorbed with plate- 
lets of each serologic type, and its ability to clump various platelets checked 


‘ 


again after absorption. Complete removal of the ‘‘immune agglutinin’’ was 
difficult and required at least 5 treatments of the plasma with platelet buttons. 
By this method, only 3 types could be established: 1, 3 and 6. In in vivo 
studies, platelets of type 1 or 6 were injected into normal recipients of platelet 
type 3. Platelet-rich plasma from 50 ml. of blood was given weekly for eight 
weeks. The anti-1 type agglutinin titer, in one experiment, rose to 1/4 after 
three weeks, to 1/8 after five weeks, and to 1/16 after eight weeks. The re- 
cipient’s plasma, as in the similar experiment conducted to investigate platelet 
groups, indueed marked and prolonged thromboeytopenia (70 per eent drop 
for twenty-four hours) when injeeted into the donor’s cireulation. A similar 
result was obtained when a platelet-3 type individual received platelets of 
type 6. Eight weeks later the recipient’s plasma had a 1/4 anti-1 type titer. 
The immune agglutinin titer was found to decrease slowly after the termina- 
tion of the study and finally disappear eight to sixteen weeks later. This 
series of experiments again suggests the existence of at least three distinet 
platelet types. 

(D) Agglutination of platelets by absorbed heterologous (rabbit) immune 
plasma: Several samples of platelets were tested against the plasmas of six 
rabbits which had been given repeated intravenous injections of washed hu- 
man platelets. The plasma had been absorbed with human platelets of group 
IV (QO), to remove a specifie heterologous agglutinin |section (ID) of Materials 
ind Methods|. The purpose of this study was to ascertain the presence of 
intigens comparable to the M-N system in the red cell. It was found, how- 
ever, that absorbed immune plasmas were unable to agglutinate any of more 
han 20 consecutive samples of platelets tested. 


DISCUSSION AND CONCLUSIONS 


These results are of a preliminary nature and must be interpreted with 
xtreme caution and eriticism. While heteroantigenicity and isoantigenicity 
if platelets are well established, the existence of groups and types in man is 
uggested by the results obtained by Harrington and associates’ and by those 
resented in this paper, but not conclusively proved. 

A number of problems remain unsolved. Techniques available for the 
etection of platelet agglutinins are, probably, inadequate to detect finer anti- 
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genie differences among platelets. It is, therefore, quite possible that many 
more platelet groups and types exist than have been recognized thus far. From 
the point of view of a convenient working hypothesis the distinction between 
groups and types is justified. It must be admitted, however, that the dividing 
line is probably a thin one. We have used ‘‘naturally’* occurring agglutinins 
to determine platelet groups. It is true that they are found in healthy indi- 
viduals who have never previously been transfused nor have been pregnant. 
There is, nevertheless, no certainty that these agglutinins have not developed 
in response to the stimulus of an unknown antigen. The use of ‘‘immune”’ 
plasmas for the detection of platelet types is also not free from criticism. In 
this technique, we use agglutinating plasmas from individuals who had been 
receiving repeated platelet transfusions. But obviously the group and the 
type of the platelets received by the patients may have greatly differed from 
donor to donor and the ‘‘immune”’ agglutinin we obtain is very likely direeted 
against multiple antigens. For this reason, absorption studies in vitro and 
immunization studies in vivo become imperative and cause slow and pains- 
taking progress. This difficulty may probably be overcome. Our attempts to 
develop platelet type agglutinins in group-compatible individuals have not 
heen uniformly successful. Preliminary work, however, indicates that pa- 
tients with thrombocytopenia may be better producers of ‘‘immune’’ plasma 
when injected with type-incompatible platelets. Of even greater value should 
be the plasma of nonthromboeytopenic mothers who deliver a thromboeyto- 
penie child. In some eases this situation may be the consequence of platelet 
incompatibility between mother and fetus’ and would supply ‘‘type-pure”’ 
agglutinin for platelet-typing purposes. At the present time, some of our 
findings may even be interpreted to deny the existence of individual platelet 
types. We have mentioned failure to produce immune agglutinins by injecting 
platelets of the compatible group. Moreover, two patients who had developed 
‘type’? immune agglutinins following repeated platelet transfusions responded 
poorly to the administration of platelets from donors, both ‘‘eompatible’’ and 
‘“‘inecompatible’’ by in vitro tests (Fig. 5). Their plasma caused significant 
thrombocytopenia in ‘‘compatible’’ as well as in ‘‘incompatible’’ recipients 
(Fig. 6). One would expect that these patients should respond favorably to 
the transfusion of compatible platelets and fail to induce thrombocytopenia 
in compatible recipients, should these effects be expression of platelet type- 
incompatibility. We are rather inclined to believe that these results indicate 
the extreme complexity of the antigenic structure of platelets. 

Group and type differences in platelets have also important practical as 
pects. One has been indicated by Harrington and co-workers’ with the de 
seription of a type of neonatal thrombocytopenia due to mother-fetus platelet 
incompatibility. Another is the all-significant problem as to whether the adminis 
tration of group- and type-compatible platelets to thrombocytopenie patients 
may reduce the incidence of development of platelet agglutinins in patients 
receiving multiple platelet transfusions, a complication which threatens t 
nullify our efforts toward preservation and administration of platelets to som« 
thrombocytopenic patients for hemostatie purposes. It remains to be estab 
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PLATELET SURVIVAL VERY SHORT EVEN WHEN DONOR'S PLATELETS 
AND RECIPIENT'S PLASMA ARE COMPATIBLE BY “IN VITRO" TESTS 


Fig. 5.—Survival of compatible and in incompatible type platelets in a patient of amega- 
karyocytic thrombocytopenia who had developed strong platelet agglutinin (14,4). (Note that 
platelets from both compatible and incompatible donors were quickly disposed of in the cir- 
culation, even when compatibility was suggested by in vitro tests.) 
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THROMBOCYTOPENIC EFFECT PRONOUNCED 
WHETHER OR NOT DONOR AND RECIPIENT 
ARE PLATELET TYPE COMPATIBLE. 
Fig. 6.—Thombocytopenic effect of platelet-immunized plasma when injected in compatible 


id incompatible recipients. Note that the thrombocytopenic effect was equally pronounced in 
| cases, even when the plasma failed to agglutinate the recipient’s platelets in vitro. 
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lished whether the administration of group- and type-compatible platelets 
would materially reduce the occurrence of platelet isosensitization in thrombo- 
cytopenic patients. 

Two additional findings in the course of this work require comment. One 
is the development of platelet autoagglutinins and thrombocytopenia in 2 indi- 
viduals receiving multiple platelet transfusions. This finding may explain the 
‘ather frequent occurrence of platelet autoagglutinins in patients with idio- 
pathic thrombocytopenic purpura, particularly of the ‘‘chronie variety.’’ It 
is possible that these develop in response to antigenie stimulation by platelet 
products or platelets damaged by various agents (viruses, ete.). Another sig- 
nificant observation is the disappearance of the autoagglutinin in 5 eases of 
idiopathic thrombocytopenic purpura following splenectomy (in rough time 
relationship with elevation of the platelet count) and the persistence of platelet 
isoagglutinins. In recently published reports much attention has been given to 
the possible role of the spleen in the pathogenesis of the thrombocytopenia of 
idiopathie thrombocytopenie purpura and the mechanism of recovery following 
splenectomy.® * * 74 It is generally agreed that the spleen in idiopathic throm- 
bocytopenie purpura may: (1) inhibit formation and delivery of platelets from 
the megakaryocytes; (2) trap and destroy circulating platelets, after these 
have been damaged by platelet antibodies or other agents; (3) produce platelet 
antibodies. The last reported observation, which confirms findings by Harring- 
ton and collaborators,’ may emphasize the role of the spleen in the production 
and aetivity of platelet autoagglutinins. 


SUMMARY 

Strong evidence tor the antigenicity of platelets is afforded by the develop- 
ment of specific agglutinins against heterologous platelets in animals, and of 
iso- and (occasionally) autoagglutinins in patients (especially with “amega- 
karyocytie’’ or secondary thrombocytopenic purpura) receiving multiple plate- 
let transfusions. Development of platelet agglutinins is not prevented by the 
administration of ACTH or cortisone, and occurs more promptly when ‘‘vi- 
able,’’ well-preserved platelets are given. The detection of platelet iso- and 
autoagglutinins in patients with idiopathic thrombocytopenic purpura (par- 
ticularly of the ‘‘chronie variety’’) is also suggestive of different antigenic 
structure of platelets. 





By direct cross-testing techniques it has been possible to determine the 
existence of two naturally occurring platelet agglutinins in human beings. 
Four groups probably exist as determined on the basis of the antigens found 
in platelets: I, I, HI (1 + 11) and IV (O: no antigen). Their incidence has 
been determined in 285 individuals. Agglutinin absorption tests and in vivo 
immunization tests have confirmed the presence of such groups. They are un- 
related, but immunologically have the same significance as the ABO antigenic 
system of the red blood cell, since they are detected by the use of naturally 
occurring agglutinins. 
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By the use of ‘‘immune’’ plasmas (plasma from patients who had received 
repeated platelet transfusions) it has been possible to distinguish 6 serologi- 
cally different platelet types. The incidence of the various types has also been 
determined. By agglutinin absorption techniques and in vivo immunization 
studies, only 3 serologic types have been confirmed (1, 3, and 6). Since they 
are detected with ‘‘immune’’ plasma, platelet types correspond to the Rh-Hr 
system of the red blood cell. No antigens comparable to the M-N system of 
the red blood cell have been thus far detected in the platelets. Notwithstand- 
ing these results, some doubt must remain as to the existence of platelet types 
since, in in vivo experiments, patients with platelet agglutinins quickly dispose 
of injected type-compatible platelets, while their plasma causes thrombocyto- 
penia when injected in type-compatible normal recipients. The relationship of 
group- and type-antigens remains uncertain. 

Occasional patients receiving multiple transfusions develop agglutinins 
against their own platelets (autoagglutinins) as well as isoagglutinins and 
then become thrombocytopenic. It is possible that some such mechanism, with 
the development of platelet auto-sensitization, may result in idiopathic throm- 
hoeytopenie purpura. 

In some eases of idiopathic thrombocytopenic purpura, a platelet auto- 
agglutinin may be detected. In 5 of 9 eases the agglutinin disappeared fol- 
lowing successful splenectomy, although the platelet isoagglutinin, also present, 
persisted after the operation. This finding may indicate that autoimmune 
thrombocytopenia is improvec by splenectomy, even if isoagglutinin produe- 
tion continues, and suggests an additional possible mechanism to explain the 
favorable effect of splenectomy in many cases of the disease. 
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THE UPTAKE OF SUBCUTANEOUS AND INTRAMUSCULAR SILVER. 
COATED RADIOACTIVE GOLD COLLOIDS BY LYMPH 
NODES IN DOGS 


ANDREW II. JACKSON, M.D., FRANK E. Sraccers, M.D... anp P. F. PlAnn, PH.D. 
NASHVILLE, TENN. 


INTRODUCTION 


ADIOACTIVE gold colloids have seen inereasing experimental and elin- 
ical use in recent years.’ The pelvie lymphatic drainage of these sols has 
heen investigated by Sherman and co-workers.? Meneely and associates® have 
reported on the distribution, survival, and pathology following transbronehial 
instillation in the dog. In the meantime, silver colloids and silver-coated gold 
colloids have been shown to be more efficiently drained by pulmonary 
lymphatics than their plain gold counterparts.® It was the purpose of this 
investigation to determine the efficiency of uptake by the regional lymph nodes 
of measured tracer quantities of silver-coated radiogold colloids from subeu- 
taneous sites. It was felt that delineation of the rate of time lapse to this 
drainage process would be of interest. In addition, it seemed desirable to 
correlate the deep and superficial drainage of tracer quantities of colloid with 
the mieroscopie changes in regional nodes following the infiltration of ac- 
tivities approximating therapeutie quantities of silver-coated gold sols in the 
nammary area, 
MATERIALS AND METHODS 
The preparation of the silver-coated gold colloids has been described elsewhere. 
Dogs 1 to 4 were injected subcutaneously at each site with 0.5 ml. of the colloid suspended 
n 6 per cent gelatin. The lower extremities were injected on the medial aspect of the 
thigh, approximately 2 inches proximal to the femoral condyle. For breast injections a 
ite was chosen 2144 inches from the midline and 4 inches from the midpoint of the axilla. 
"he sol was introduced into the left upper extremity on its medial aspect 1 inch proximal 
‘o the humeral condyle. Dogs 5 and 6 were injected in similar manner except that, in the 
atter, 150 T.R. units of hvaluronidase* were injected with the colloid, while in the former 
n equal volume (0.5 ml.) of normal saline was introduced with the sol. Dogs 1 to 6 
ere injected forty-eight, thirty-six, twenty-four, and twelve hours before being sacrificed. 
has previously been noted that considerable drainage of silver-coated gold colloids in- 
odueed by bronchoscope may occur in two days,® so forty-eight hours was selected as an 
propriate experimental sacrifice time. The sites were rotated to equalize any regional 
ainage differences. After autopsy the inguinal and axillary nodes were weighed. The 
jection sites were excised widely and included skin, subcutaneous tissue, fascia, and 
iscle. Since the weights of the tissues taken from these sites showed great variability, 


‘ tissues were put into pseudo solution in toto, using a mixture of concentrated nitric 


From Cancer Research Laboratories. Meharry Medical College, Nashville, Tenn. 

This study was carried out under Contract At-(40-1)-269 with the Division of Biology 
| Medicine, United States Atomic Energy Commission. 

Received for publication, July 24, 1953. 


739 











740 JACKSON, STAGGERS, AND HAHN }. Lab. & Clin. Med. 


November, 1953 


and sulfuric acids. The resultant solutions were diluted and aliquots taken for counting. 
An aliquot of 1 ml. of the colloid as administered was saved for subsequent radioactivity 
measurements. 

Animals 7 to 12 were injected in the left mammary region only at a point 2% inches 
from the midline and 4 inches from the midpoint of the axilla. Dogs 7 and 8 received 
tracer quantities subcutaneously and intramuscularly, respectively. At autopsy five days 
later, tissue, indicated in Table II], was collected and assayed for activity. Animals 9 
to 12 received large quantities of the colloid (45 me. each). The latter pair received sub 
cutaneous infiltrations, while the former pair were injected in the deep musculature of the 
chest wall. At autopsy twenty-one days later, axillary, retrosternal, supraclavicular, and 
inguinal nodes along with breast tissue were collected bilaterally. Sections of the liver 


and spleen were also obtained. 
RESULTS 
The data in Table I (Dogs 1 to 6) show that there is no outstanding or pre- 
dictable difference between the node activities at the end of two days as com- 
pared with twelve-hour draining period by the methods used here. When the 


TABLE I. PER CENT PER GRAM FRESH TISSUE OF TOTAL ACTIVITY FOUND IN REGIONAL LYMPH 
NovE AT TWELVE, TWENTY-FouR, THIRTY-SIX, AND Forty-E1GHT Hours 


DOG NO. ~ *12 HR. 24HR. 36 HR. 48 HR. 

1 0.5 2.3 1.8 0.1 

2 2.4 2.8 1.5 7.4 

3 0.9 1.0 1.6 1.3 

4 0.9 Rs 1.6 008 

5 0.9 15 1.5 2.4 N Saline 

6 4.7 2.2 7.0 4.6 Hyaluronidase 
Average values By 1-9 2.5 2.6 


TABLE II. PER CENT oF ToTaL ACTIVITY RECOVERED FROM INFILTRATION SITE AFTER 
INDICATED TIME PERIODS 


DOG NO. 12 HR. 24 HR. 36 HR. 48 HR. 
eee 76.8 62.4 96.7 
2 3.4 54.6 55.4 23.3 
3 56.8 68.6 56.6 19.5 
4 46.4 60.2 68.1 50.4 
5 78.0 82.6 77.6 81.0 N Saline 
6 74.8 60.6 90.6 D.3 Hyaluronidase 


Average values 59.9 67.2 68.4 


TABLE III. LyMPHATIC DISTRIBUTION OF SILVER-COATED GOLD COLLOID FOLLOWING SUBCI 
TANEOUS AND INTRAMUSCULAR INFILTRATION OF TRACER QUANTITIES 
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8 3,000,000 0.0 3,100 40,000 20,000 254 0.0 52,600 116 1.75 I.M 
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*Counts per minute per gram fresh tissue. 
+Drainage time both dogs five days. 


*Obtained through courtesy of Wyeth, Inc. 
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results from individual dogs are averaged, there appears a steady increase in 
nodal activity through the forty-eight hour period. The use of hyaluronidase 
in conjunction with the colloid resulted in higher levels of activity in the 
nodes for a comparable time period. It will also be noted that the thirty-six 
hour nodes displayed the most consistent levels of activity. 

Table Il (Dogs 1 to 6) illustrates that removal of colloid from the in- 
filtration site was fairly efficient, although aberrant values are noted in Table 
Il for Dogs 2 and 3. The data do not permit any clear-cut prediction to be 
made concerning the quantity of colloid that would be removed with passage 
of a definite time period. Here again the differences between activities for 
twelve and forty-eight hour sites are not consistent. 

The site of the node seemed to exert relatively little influence on the 
amount of subsequent activity recovered. 

The mean activity for all nodes (Dogs | to 6) regardless of location and 
drainage age was caleulated to be 2.3 per cent of the total infiltrated activity 
per gram fresh tissue, while the median value was 1.6 per cent. 








Fig. 1.—The left retrosternal node of Dog 10 is highly atrophic with great decrease in cellular 
elements. Reticular proliferation is slight. (1.M. Infiltration 45 me.) (150.) 


Table II] (Dogs 7 and 8) represents an attempt to quantitate the dif- 
erence between deep and superficial drainage in the mammary region over 
five-day period. The left axillary node displays 17 times more activity in 
‘he superficially injected Dog 7. The retrosternal nodes are approximately 
times as active in Dog 8 as in Dog 7. Other deep tissue as expected shows 
sreater activity in Dog 8. The contralateral retrosternal nodes display about 
0 per cent of the activity of homolateral nodes. 
When larger quantities of gold were employed (Dogs 9 to 12, 45 me. each), 
‘he same general trend is noted in so far as differences in node activities are 
oneerned, as in Dogs 7 and 8. The microseopie changes in deep and super- 
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ficial nodes of Animals 9 to 12 are consistent with what one would predict 


from the data obtained using tracer quantities in Dogs 7 and 8. 


or example, 


the left retrosternal nodes of Dogs 9 and 10 were highly atrophie (Fig. 1) 


while the left axillary nodes were near normal in appearance, 
5) 


left axillary nodes were highly atrophie in Dogs 11 and 1 
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Figs. 2 and 3.—The left axillary nodes of Dogs 11 and 12 show 


elements. There is some reticular proliferation. (S.C. Infiltration 
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while the retrosternals for both dogs showed only slight changes (Fig. 4), not 
withstanding the high activity found in the retrosternals of the latter two an- 
imals. The supraclavicular nodes from these four animals were near normal it 


appearance, with some hemosiderin seen in scattered areas. 
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DISCUSSION 

In previous publications” © it was pointed out that the lymphatie drain- 
age of silver-coated gold colloids is more efficient than straight gold colloids 
over a comparable time period. The fundamental mechanism operating to 
effect this difference in drainage ratio is not understood. 

The mean node uptake of 2.5 per cent per gram fresh tissue here seems 
insignificant in comparison with the total infiltrated activity, but when the 
small size of the node is considered the result in equivalent roentgen dose 
delivered is considerable. The data represented by Animals 1 to 6 would in- 
dieate that sufficient colloid is deposited in the regional lymphatics in twelve 
to forty-eight hours to achieve destructive levels when larger quantities are 
employed, As would be expected, the concomitant use of hyaluronidase seems 
to enhance the drainage. In addition, it is possible that more activity trav- 
erses the nodal tissue than can be recovered therein at any one time. The 
work of Bangham and co-workers,’ however, would tend to dispute loss from 


the nodes per se. 





He 
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ae Fig. 4.—The left retrosternal node of Dog 12 displays no congestion or degeneration. 
Che capsule of this node was thickened, otherwise it was normal in appearance. (S.C. Infiltra- 
tion 45 me.) (X150.) 


The results obtained from Animals 7 and 8 give a crude quantitative dif- 
ferenee in drainage of silver-coated gold colloids by contra- and homolateral 
axillary and retrosternal nodes from superficial and deep sites on the chest 
wall. 

The data presented in Tables | and II] would indicate the desirability of 
ising large doses’ of silver-coated gold colloids in experimental animals with 


subsequent radioactivity measurements and microscopic sections of draining 
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nodal tissue. In this regard, nodal destruction when 45 me. of the sol are used 
is apparent in Figs. 1, 2, and 3. The axillary nodes of the superficially in- 
jected dogs show destruction throughout 90 per cent of their substance, but 
the remaining portion seems well preserved though congested. Whether this 
process had gone to completion in the 21-day postinjection period is to be 
considered, or it may be that communicating channels within the node were 
disrupted, making the remaining 10 per cent of well-preserved tissue inaccessible 
to the gold particles. The hyalinized nodes displayed greatest destruction 
centrally. The microscopic changes in the left retrosternal nodes of the intra- 
muscularly injected dogs (Fig. 1) showed atrophic changes throughout. On 
the other hand, the contralateral retrosternal nodes which are located approx- 
imately 0.5 em, from the homolateral nodes in the dog showed only congestion 
with no atrophie changes (Fig. 5). To destroy both retrosternals it may be 
necessary to make deep injections on both sides of the midline or a least a 
larger single injection closer to the midline. Whether or not this method of 
injection would be more efficient than an intrapleural injection in eradicating 
these nodes is open to question. Destruction of internal mammary nodes could 
possibly be accomplished by deep injections at the various interspaces. 


> 4 4 a 
Hee ii ak 





Fig. 5.—The lymphoid element of this node of Dog 9 appears intact. The node was, however, 
slightly congested. (1.M. Infiltration 45 me.) ( 150.) 


Though some of the infiltrated activity can later by recovered from the 
liver (Table IIT), the amount of radiation derived from such a route of admin- 
istration would appear to be well tolerated by hepatic tissue.® 

Possibly some use could be found for these colloids where it is desirable 
to destroy inaccessible nodes or to prevent the organization therein of au- 
tonomous cells using subcutaneous or intramuscular routes of administration. 
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SUMMARY 


Silver-coated radioactive gold colloids have been administered to dogs 
by the subcutaneous route and have been shown to be taken up by the regional 
lymph nodes in significant quantities. The quantitative differences between 
drainage from superficial and deep breast sites were noted. Some microscopic 
changes in regional nodes following infiltration of a large single dose of silver- 
coated gold colloid were presented and discussed. 
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THE EFFECT OF LARGE DOSES OF CORTISONE UPON THE 
ABILITY OF THE RETICULOENDOTHELIAL CELLS 


TO PHAGOCYTOSE STREPTOCOCE! 











B. J. CLawson, M.D., Pa.D., anpb S. T. NERENBERG, M.D. 
MINNEAPOLIS, MINN. 


T HAS been demonstrated experimentally by the occurrence of spontaneous 

lesions in the visceral organs that susceptibility to infection is greatly in- 
creased in mice, rats, and rabbits by the administration of large doses of corti- 
sone.’ The cause of this increase of susceptibility has been attributed to a 
suppression of antibody development! and to suppression of the activity of 
circulating leukocytes in the blood.” Teilum, Enegberk, and Simonsen’ have 
found an anatomically altered condition in the reticuloendothelial cells in 
animals treated with cortisone. These cells are known to be aetively phago- 
eytic for bacteria in the blood stream and to be the chief cellular defense in 
a bacteremia. We have attempted in the following experiments to find if the 
ability of these cells to phagocytose may be altered in rats in any way by giv- 
ing large doses of cortisone and if this alteration might be a factor in the in- 
erease of susceptibility to infection. 


MATERIALS AND METHODS 


The white rat was used. In most cases young rats weighing about 50 grams were 
selected. In all rats a dose of cortisone consisting of 1 mg. per 10 grams of animal was 
given subcutaneously daily for seven days. On the eighth day 0.5 ml. of a twenty-four 
hour broth culture of Str. viridans was injected into the tail vein of both treated and normal 
animals. Animals were killed after the intravenous streptococcie injection at intervals of 
fifteen minutes, one hour, six hours, eight hours, twenty-four hours, forty-eight hours, sev 
enty-two hours, and ninty-six hours. Small pieces of liver were quickly removed from the 
left lobe of the liver, fixed in 10 per cent formaldehyde, and stained by the Gram method. 
The ocular of the microscope was fitted with a micrometer which divided the field into 
quadrants to make it possible to count the bacteria in the Kupffer’s cells more accurately. 
In each animal the average number of bacteria per quadrant in 25 different quadrants, the 
average number of bacteria per each of the Kupffer’s cells which exhibited phagocytosis 


and the percentage of the 25 fields which showed bacteria were observed and determined. 
THE RESULTS OF THE EXPERIMENTS 


The averages of the findings of 25 fields in each animal are tabulated in 
Table I. The bacteria per field were slightly greater in the treated animals at 
the earliest determination, fifteen minuts, and continued to remain greater until 
between twenty-four and forty-eight hours when all of the organisms had dis- 
appeared from the normal animals. The number of bacteria per positive phago 
eytie cell was also greater in the treated animals, but there was less variation 
These bacteria were also completely destroved in the normal animals betwee) 
twenty-four and forty-eight hours after the intravenous injection of streptococci 
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TABLE I. EFFICIENCY OF THE KUPFFER’S CELLS IN CORTISONE TREATED AND NORMAL RATS TO 
PHAGOCYTOSE STREPTOCOCCL AT VARIOUS LNTERVALS AFTER THE 
ANIMALS HAD BEEN INJECTED [INTRAVENOUSLY 


THE AVERAGES OF THE FINDINGS IN 2) FIELDS IN EACH ANIMAI 


CORTISONE TREATED ANIMALS NORMAL ANIMALS 
PER CENT BACTERIA PER CENT 
BACTERIA BACTERIA OF BACTERIA PER OF 
NO. OF PER PER POSI- POSITIVE NO, OF PER POSITIVE POSITIVE 
\NIMALS TIME FIELD TIVE CELLS FIELDS ANIMALS FIELD CELLS FIELDS 
10 15 min. 6.6 5.2 72.0 10 1.6 +.0 68.8 
1 l hr. 6.2 aD 73.0 } 3.8 $.6 96.0 
1 6 hr. LS 4,2 59.0 He Sai 4.6 30.0 
a) S hr. 6.0 1.4 71.0 5 1.0 +.1 54.4 
1 24 hr. 1.6 1.0 28.0 5 0.3 3.2 8.8 
7 1S hr. 0.6 3.3 15.4 5 0.0 0.0 0.0 
By) 72 hr. 0.08 1.6 0.8 
} 96 hir. 0.0 0.0 0.0 


The percentage of positive fields decreased in both groups of animals to where 
it was 15.4 per cent in the treated animals and 0.0 per cent in normal animals 
at between twenty-four and forty-eight hours. The organisms in the treated 
animals were not completely destroyed until between seventy-two and ninety-six 
hours after the intravenous injection. 
DISCUSSION 

While it has been conclusively shown that susceptibility to infection in 
mice, rats, and rabbits is greatly increased by the administration of large doses 
of cortisone,' the mechanism of bringing about the increase is not completely 
understood. It is the opinion of Antopol' that the frequency of infection is 
due to cortisone which depresses antibodies and permits a multiplication in 
the body of dormant pathogeni¢ or ordinary nonpathogenie organisms. <Anti- 
bodies have been found not to be changed by some observers.*'! Others have 
found antibodies reduced.'*'" Wet '° observed no difference in the concentra- 
tion of streptocoecie antibodies in animals treated with cortisone and in nor- 
mal animals. It seems that it is doubtful whether the reduction of antibodies 
circulating in the blood stream is an entirely satisfactory explanation of the 
rapid inereased suseeptibility to infection with heavy cortisone treatment. 

According to Antopol,! the virulence of organisms in mice does not appear 
to be increased. Our experiments have shown that organisms isolated from 
abscesses in rats when cultured and injected intraperitoneally in large doses 
have no ill effeet upon normal rats. It would seem more reasonable to believe 
that some change takes place in the host which causes increased susceptibility 
‘o infection. 

Crepea and associates’ reported a reduction in the ability of the leukocytes 
n the blood to phagocytose in 9 of 10 patients treated with cortisone. Mo- 
rabgab and Thomas’ observed no difference in the ability of leukoeytes to 
shagoeytose, in normal rabbits and in rabbits treated with cortisone. 

It appears that the Kupffer’s cells and probably the reticuloendothelial 
‘ells in other locations in animals heavily treated with cortisone, while en- 
‘ulfing organisms fully as efficiently if not better than cells in normal animals, 
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are depressed in the ability to destroy organisms. One might speculate and 
assume that organisms are held and permitted to multiply and produce lesions 
(abscesses). So far in our experiments the only factor found which could 
definitely contribute to the increased susceptibility to infection associated 
with large doses of cortisone is the reduced ability of the reticuloendothelial 
cells to destroy organisms which had been engulfed. In animals treated with 
smaller doses of cortisone (1 mg. per 500 grams of animal) the ability to phago- 
cytose is not changed. 


SUMMARY 


The efficiency of the reticuloendothelial cells (Kupffer’s cells) to engulf 


bacteria appears to be about equal in the rats treated with large doses of 
cortisone and in normal rats, but the ability of these cells in the treated ani- 
mals to destroy the engulfed organisms is definitely depressed. This depres- 
sion of the reticuloendothelial cells may be an important factor in the in- 
creased susceptibility to infection in animals treated with large doses of corti- 
sone. 
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LABORATORY METHODS 


METHODS OF ESTIMATION OF ADRENAL CORTICAL STEROIDS 
WITH TETRAZOLIUM SALTS 


CHIADAO CHEN, D.Sc., JOANNA WHEELER, B.S., AND Howarp E. TEWELL, JR., M.D. 
CuicaGco, ILL., AND HINEs, ILL. 


S'* ‘E the isolation and identification of the adrenal cortical steroids, a number 
of chemical methods for their quantitation have been introduced. The 
methods commonly used are based on the fact that all the known biologically 
active cortical steroids possess an alpha ketol (acvloin) grouping at the Cz. and 
(',, positions.’ ** One exception is the periodic acid oxidation method which 
is applicable to cortical steroids having either the alpha ketol or alpha diol 
erouping at (2, and C.,.* 

Each of the methods of color development employed for steroid estimation 
has its limitations. These relate to the sensitivity and specificity of the reagents 
as well as to their simplicity and stability. Preliminary observations indicated 
that use of tetrazolium salt as an oxidizing agent in steroid estimation might 
he an improvement over the agents usually employed for this purpose. 


METHODS AND MATERIALS 


Early observations indicated that triphenyl tetrazolium chloride gave transient color 
with corticosteroids in alkaline solution while 3,3’-dianisole-bis-4,4’-(3,4-dipheny]) -tetrazolium 
chloride (BT or blue tetrazolium)5 was found to yield a stable product when reduced by 
active corticosteroid. This compound is reduced rapidly in alkaline solutions to give a bluish- 
red coloration by all five of the cortical hormones tested. The color produced follows closely 
seer’s law. 

When completely reduced, blue tetrazolium gives a pure, dark blue pigment, 3,3’-dianisole- 
bis-4,4’(3,5-diphenyl) formazan. However, when half of the molecule is reduced, the pigment 
produced is red.6 Assuming that both moieties of the molecule are reduced at approximately 
the same rate, the large excess of the reagent to the steroids should give mostly semireduced 
tetrazolium salt. It is predominately this semireduced product plus some totally reduced 
‘ompound that one measures. 

A number of other tetrazolium salts were tested including 2,5-diphenyl--(p-iodopheny])- 
‘etrazolium chloride (Iodo RT).6 The reduced form of the latter compound gave a pure 
shade of red. This color is stable over many hours. However, since it was unavailable com- 
mercially and since its sensitivity was less than that of tetrazolium blue, it was not investi 
sated extensively. 

The absorption maxima of both BT and Lodo RT tetrazolium shown in Fig. 1 occur at 
‘early the same wavelength of light. The greater color development of the blue tetrazolium 
n the presence of DOC as compared to RT is shown in Fig. 2. 

Though complete solution in methanol does not designate its purity, suitable blue 
‘etrazolium must be freely soluble in methanol at | per cent concentration. The melting 
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point (decomposition point) of the compound is not sharp and cannot be depended upon 
as a good criterion of its purity. One non-oxidizing substance found in more than 50 per 
cent quantity in an impure sample of blue tetrazolium melted and decomposed at a similar 
temperature to blue tetrazolium. In practice, a few presumably pure batches ef tetrazolium 
salt may be tested against desoxycorticosterone. The batch that gives the highest reading 
is saved as a standard and the other batches are digested in boiling water and repeatedly 
recrystallized from a methanol and acetone mixture or a methanol and ethyl acetate mixture 
until color production with a given amount of desoxycorticosterone becomes maximal. — It 
was found to be more satisfactory to synthesize5 tetrazolium than to purify the commercial 


product. 
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Fig. 1.—-Optical density curve of blue tetrazolium and of iodo-red tetrazolium reduced with 50 
micrograms of desoxycorticosterone and choline. 


Studies were undertaken to determine the optimum conditions for color development 
with BT in the presence of reducing steroids. It was found that both the alkali and solvents 
used influenced the extent, rate of color formation, and its stability. The rate of color de 
velopment of various reducing steroids with sodium hydroxide or choline is shown in Figs. ° 
and 4, respectively. It is apparent that the rate of color development is. more rapid in 
sodium hydroxide. However, the slopes of the curves in Figs. 5 and 6 demonstrate the 
greater sensitivity of the choline procedure as compared to that employing sodium hydrox 
ide. Reduction by the relatively inactive steroid hormones was essentially the same in 
hoth instances, 

Other organic bases such as benzyl-trimethylammonium hydroxide (Triton B), tetra 
methylammonium hydroxide, and tetraethylammonium hydroxide, also proved to be satisfac 
tory sources of base. The solvent of choice when using organic bases is ethanol, the purity 
of which is not critical. Redistilled absolute or 95 per cent ethyl alcohol may be used. The 
purity of the methanol was found to be of the greatest importance for the success of the 
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determination with sodium hydroxide as an alkali, Occasionally a batch of methanol is so 
completely unsuitable that even repeated distillation with dinitrophenylhydrazine and sulfuric 
acid, solid sodium hydroxide, and zine with hydrochloric acid will not remove whatever inter 
fering substance or substances are present. When sodium hydroxide is used as an alkali, 
pyridine:hydrochlorie acid is needed to adjust the solution to the desired pH at which the 
eolor formed is stable for many hours, whereas the color is stable without this step if an 
organie base is used as a source of alkali. 








/ 


/ 


' / 
/ 
be / todo RT 


/ 
/ Choline Choline 


Z 
/ 
6 / J 
: / BT | 
NaOH 


! 


J 


10 20 30 40 50 60 Ag 
DOC 


hig. 2.-—Comparison of the color development by reduction of tetrazolium dyes with desoxy- 
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The extent of color development of various steroids in the presence of BT and using 
holine as a base is shown in Fig. 6. It is apparent from the sharp division between com 
pounds with a reducing side chain and those without, that the reduction of BT is largely 
ependent upon the side chain and that variations in ring structure have but little effeet on 
he reduction of tetrazolium. The spread in color development between compounds is less 
len the results are expressed on a molar basis. 

The blanks are lower and the sensitivity higher when the quantities of the reagents 
e kept small and the reaction is carried out in the absence of light. 

Two procedures are presented in this paper, one using sodium hydroxide and the other 
ising choline as the base, both with blue tetrazolium. 

Procedures. 

A. Blue tetrazolium:Sodium hydroside procedure: 

Reagents: 


Reagent grade, Mallinckrodt, distilled from dinitro 


Absolute methanol: 


phenylhydrazine (10 Gm. per liter). The fraction 
distilled between 63.5° C. and 65.0° C. is collected. 
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Blue tetrazolium (BT)*: Digested with boiling water and reerystallized from 
methanol and acetone mixture. M.P. 242-245° C. 
dec. 


1 per cent methanolic solution: 1 gram blue tetra- 
zolium is dissolved in methanol and diluted to 100 ml. 
The solution is prepared the day it is to be used 
and is kept in an amber glass-stoppered bottle. 
Pyridine: Dried over barium oxide and distilled in vacuum; 
only the middle fraction of the distillate is saved. 
Acid- Pyridine: 20 ml. of concentrated hydrochloric acid is added 
gradually to 100 ml. of freshly distilled pyridine. 
Methanol-Acid-Pyridine: 3 parts of methanol are mixed with 1 part of acid- 
pyridine the day this reagent is to be used. 
1.0N Sodium hydroxide in 80 per cent methanol: 40 Gm. of reagent grade 
hydroxide pellets are dissolved in 200 ml. double 
distilled water. The solution is cooled and diluted 
to 1,000 ml, with redistilled absolute methanol, mixed 
thoroughly, titrated against standard acid and ad- 
justed to exactly 1.0N. 


Colorimetric Determination.—1 ml. of methanolic solution of steroid or steroid extract, 
1 ml. methanolic sodium hydroxide, and 1 ml. blue tetrazolium are mixed in a glass-stoppered 
test tube and allowed to stand in the dark in a water bath at 25° C. for exaetly twenty 
minutes. The reaction is stopped at this point by the addition of 4 ml. methanol-acid 
pyridine mixture and is mixed thoroughly. It is read at 515 mu, filter PC-4, in a Coleman 
Model 14 spectrophotometer or at filter 515, 6.0 aperture, in an Evelyn colorimeter. 

The color is stable for about one hour without the addition of the methanol-acid-pyridine 
buffer and is stable for a few hours with the buffer. 


B. Blue tetrazolium :Choline procedure.— 
Reagents: 

Ethanol : Absolute or 95 per cent ethanol is distilled 
from dinitrophenylhydrazine and sulfurie acid, 
or from blue tetrazolium and alkali; the mid- 
dle fraction is taken. 

Blue tetrazolium (BT) solution: The 0.5 per cent ethanolic solution is prepared 
by dissolving 500 mg. blue tetrazolium in 100 
ml. distilled ethanol in a volumetric flask. The 
solution is stable for at least one week when 
kept in a refrigerator. 


Choline solution: 2 mil. 50 per cent aqueous choline solution 
(Rohm and Haas) is diluted to 100 ml. with 
distilled ethanol. The solution is stable for at 
least a week when kept in a refrigerator. 


Colorimetric Determination.—1.8 ml. ethanolic solution of steroid or steroid extract, 
0.1 ml. choline solution and 0.1 ml.t+ blue tetrazolium solution are mixed well in a glass 
stoppered test tube and allowed to stand in the dark at room temperature (26 to 28.5° C. 
for two hours. Five milliliters of distilled ethanol is added and the solution is read in a 
colorimeter at 515 my, as described in ‘‘ A.’’ 


*Commercial samples were obtained from Dajac Laboratories Division, Monomer-Polymer, 
Inc., Leominster, Mass., and General Biochemicals, Inc., Chagrin Falls, Ohio. 


+All the results using organic bases presented in this paper are obtained by following the 
procedures given. The minimum quantities of reagents are recommended. For the determina- 
tion or larger quantities of steroids, it is advisable to use more BT; there is little difference 
in color production in using 0.1 to 0.8 ml. of 0.5 per cent BT. However, though larger quanti- 
ties of choline will shorten the reaction time, high blanks will result. 











Volume 42 ADRENAL CORTICAL STEROIDS AND TETRAZOLIUM SALTS 753 
Number 5 




















DENSITY 














l lL 
20 Minutes 


Fig. 3.—Rate of reaction by the BT:NaOH procedure of 0.303 micromole of the follow- 
ing steroids: a, Desoxycorticosterone; b, Corticosterone; c, 17 a-hydroxy-desoxycorticosterone ; 
d, 17 a-hydroxy-corticosterone; e, 17 a-hydroxy-11-dehydrocorticosterone. 
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Fig. 4.—Rate of reaction by the BT:Choline procedure of 25 micrograms of the follow- 
£ steroids: a, Desoxycorticosterone; b, Corticosterone; c, 17 a-hydroxy-desoxycorticosterone ; 
17 a-hydroxy-11-dehydrocorticosterone; e, 17 a-hydroxy-corticosterone. 
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Fig. 5.—Standard curves of optical density versus concentration for the following steroids 
using the BT :N: 1OH procedure: a, Desoxycorticosterone ; b, Corticosterone; ¢, 17 a-hydroxy 
11-de ssoxycorticoste rone; d, 17 a-hy iroxy-corticosterone; e, 17 a-hydroxy-11-dehydrocorticos- 
terone; f, 17 a-hy« iroxy-11-dehydrocorticosterone acetate; 9g, 17 a-hydroxy-progesterone;: h, 
Progesterone; i, Cholestenone: 7, 7-keto-cholesteryl acetate. 
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Fig. 6.—Standard curves of optical density versus concentration for the following steroid: 
using the BT:Choline procedure: a, Desoxycorticosterone; b, Corticosterone, Desoxycorticos 
terone acetate; c, 17 a-hydroxy-11-desoxycorticosterone; d, 17 a-hydroxy-11-dehydrocorticos 
terone; e, 17 a-hydroxycorticosterone; f, 17 a-hydroxy-11- dehydrocorticosterone acetate ; Is. J 
a, 21-dihydroxy-pregnane-3,11,20-trione acetate; h, 3 a, 17 a, 21-trihy: lroxy-pregnane-11, 
dione acetate; i, 17 a, 20-dihydroxy-pregnane-3,20-dione acetate; j, A 5-pregnene-3 £, 17 a, 31 
trihydroxy-20-one diacetate; k, 17 a-hydroxy-progesterone; 1, Progesterone: m, Cholestenone 
n, 7-keto-cholesteryl acetate. 
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DISCUSSION 

The reducing power of the steroids is due chiefly to the aeyloin group. 
The 4-5 ketones such as cholestenone, testosterone, and progesterone also exert 
some reducing power (Figs. 5 and 6). The quantities of these steroids necessary 
to produce the same amount of coloration as the corticosteroids are so much 
larger that they are unlikely to interfere greatly with the aecurary of the results 
when urine or blood is analyzed for corticoids. Dextrose, ascorbie acid, cysteine, 
glucuronie acid, unsaturated fatty acids and their derivatives, and other redue 
ing compounds all cause color formation of the tetrazolium salt and thus inter- 
tere with the results when present. However, with the exception of the fatty 
acid derivatives, they are all easily soluble in water and less soluble in organic 
solvents and thus will not pose any problem in the determination. Suitable 
methods of separation must be adopted to be rid of unsaturated fatty acids, 
phospholipids, and elycerides before an estimation is made. The same com- 
pounds also interfere with the copper reduction, phosphomolvbdate reduction, 
and the periodie acid oxidation methods. 

Karlier it was reported’ that 5 micrograms of any of five cortical hormones 
could be measured accurately when IN sodium hydroxide and BT in methanol 
were used, More recently, Mader and Buck* reported a similar procedure em- 
ploying tetramethylammonium hydroxide as the alkali. Their procedure gives 
higher blank readings than are obtained in the BT :choline procedure deseribed 
in this paper. Their method gave similar results when the quantities of reagents 
were reduced. However, alcoholic tetramethylammonium hydroxide is less stable 
than the solution of choline. 


© using 2-(p- 


In the meantime, two papers have been published by Henly® 
iodopheny!] )-3-( p-nitrophenyl] )-5-phenyl tetrazolium chloride and sodium hy- 
droxide in pyridine. This procedure was reported to be slightly more sensitive 
than the BT :NaOH method deseribed here. 

Sodium hydroxide has the advantage over the organie bases of being a 
common reagent in every laboratory. The color is stable for hours after the 
iddition of acid:pyridine buffer. The color by the three procedures using 
rganie bases is likewise stable over many hours. 

Esters such as desoxycorticosterone acetate may also be determined in the 
same manner. Some esters require a longer time of reaction in certain pro- 
‘edures due probably to slow hydrolysis at the particular alkaline strength. 

A comparative study of urinary corticosteroids by the two procedures 
avored in this laboratory, BT :choline and BT:NaOH shows good agreement 

Table I). 

Alpha, beta-unsaturated ketones produce some color, as do alpha ketoles 
| positions other than C,, and C,, (Figs. 5 and 6). The time for complete 
eaction is longer and the color formed by equivalent amount is too faint (%o 
» %y molar equivalent) to interfere greatly with the steroid determination. 
“he same reducing groupings will similarly interfere with copper reducing 
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TABLE I. COMPARISON OF BLUE TETRAZOLIUM METHODS FOR REDUCING STEROID ESTIMATION 
ON THE URINE OF HUMAN SUBJECTS* 


aos 0 ee “BT:Na0OH ed | ‘BT : CHOLINE 


Range — «65-64 ~~” iin ~~ 7,0-63.5 
Mean 32.04 31.06 
Difference 0.98 

Standard deviation of mean 0.904 


*200 ml. urine from each of 36 human subjects selected at random was hydrolyzed at pH 
1 for twenty-four hours at room temperature. The neutral chloroform extract was made up 
to 200 ml. with chloroform and divided into two equal portions before being concentrated to 
dryness. The two concentrates were dissolved in 5 ml. methyl alcohol and 5 ml. ethyl alcohol, 
respectively. One milliliter aliquot of each was taken for the determination. The values are 
expressed in micrograms desoxycorticosterone equivalent per 40 ml. urine. 


and phosphomolybdate reducing methods. The periodie acid oxidation method 
will liberate formaldehyde from alpha-diols such as Reichstein’s Compounds A, 
E, U, T, and K which are considered to be biologically inactive. 

The phenylhydrazine method is simple in operation, but it is suitable only 
for Kendall’s Compounds E and F and is insensitive to a number of other 
steroids. For example, corticosterone, reported to be a major constituent in 
blood,'?: '* produces only %» as much color with phenylhydrazine as do Com- 
pounds E and F.? 

The colors produced by different cortical hormones with BT, expressed in 
micromolar quantities, are within a narrow range. It is possible to use the same 
standard, with some allowances, for the entire series of hormones without in- 
troducing any great error. One may apply multiplication factors when the 
exact value seems desirable. The sensitivity, simplicity, and little difference 
in color production by all of the cortical hormones tested also make the described 
tetrazolium techniques useful in the chromatographie separation of reducing 
steroids. 

The purity of the steroids used in this study was not established in our 
laboratory since they were obtained in small amounts through the courtesy of 
several laboratories. 17 a-hydroxy-corticosterone (Kendall’s Compound F) 
obtained from three different sources gave widely different values. One sample 
gave a higher reading, while the other two gave lower readings, per molar 
equivalent, than 17 a-hydroxy-11-dehydrocorticosterone (Kendall's Compound 
1). <A slight discrepancy due to impurity may be expected in some instances. 
Nevertheless, it is felt that the color readings are rather close approximations 
of the true values. 

SUMMARY 


A simple sensitive procedure for the estimation of reducing steroids by 
means of blue tetrazolium has been presented. The use of different alkalies 
and solvents with this reagent is described and applied to the quantitation of 
small amounts of steroids. 


We are indebted to the Worcester Foundation for Experimental Biology, Shrewsbury, 
Mass.; Ciba Pharmaceutical Products, Inc., Summit, N. J.; The Glidden Company, Chicago, 
ll.; G. D. Searle & Co., Skokie, Ill.; and The Upjohn Company, Kalamazoo, Mich., for their 
generosity in supplying the steroids investigated. 

The authors wish to thank Bernice March Katz for her technical assistance. 
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A COMPARISON OF THE TETRAZOLIUM AND OTHER METHODS 
OF STEROID ESTIMATION APPLIED TO URINE 

JOANNA WHEELER, B.S., SMirH FREEMAN, M.D., Pu.D., AND CHIADAO CHEN, D.Sc. 

Hines, Iuu., aNnp Cuicaco, IL. 


EVERAL investigators have proposed methods of extraction’ * * °° and 
S color estimation? * * 4° * % 1° of the urinary corticoids in order to avoid 
the tedious and more elaborate biological assays.* 27° Comparable data by the 
various available methods of corticoid estimation are incomplete, and one is 
limited in making any comparison because the methods used for extraction vary. 
The present study was undertaken to provide a comparison of methods using 
the same extraction procedure in all instances. The methods selected for com- 
parison include that of Heard and associates! (phosphomolybdate reduction ), 
Talbot and co-workers* (copper reduction), Hollander and collaborators’ (for 
maldehyde formation), as well as the reduction of tetrazolium recently proposed 
by Chen and Tewell' and presented in greater detail in the preceding paper. 
The method of extraction in all instances was essentially that of Heard and 
colleagues’” with minor modifications including the use of chloroform rather 
than a mixture of chloroform and ether. 

The method of color development is detailed only as applied to the use 
of tetrazolium salts. The optimal conditions for corticoid estimation by tetra 
zolium are presented in the preceding paper. A comparison of the various 
methods of reducing steroid estimation was made on normal individuals and 
on patients with normal and abnormal corticoid exeretion, 


EXPERIMENTAL PROCEDURES AND METHODS 


Initially consideration was given to factors concerned in steroid extraction 
and color development. The effeet of pH on the extraction of corticoids from 
portions of a pooled urine sample was determined. Aliquots were adjusted to 
various pHl values and allowed to stand for twenty-four hours at 25° C. It 
was found that the corticoids were extracia)le in greater vield in acid solution 
(see Table 1). Constant values and a high yield were obtained at a pH of 1 
At a higher hydrogen ion concentration the urine darkens to a marked degre 
and additional pigment is carried over into the purified extract. Although th: 
extractable steroids were greater at a pli of 0.5, the results were also mor 
variable. A somewhat greater recovery of corticoids can be obtained by con 
tinuous extraction at pH 1.0 with methylene chloride over a period of twenty 
four hours, but the results by manual extraction are just as reproducible ani 
the vield is only slightly less (see Table IT). 


From the Research Service, Veterans Administration Hospital, Hines, Ill., and the D: 
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TABLE I. Errecrt OF pH CONCENTRATION ON THE EXTRACTION OF URINARY REDUCING STEROIDS 


TETRAZOLIUM BLUE REDUCING 
STEROIDS EXPRESSED AS GAMMA 


PH OF URINE NUMBER OF SAMPLES DESOXYCORTICOSTERONE PER 100 ML. 
8.0 6 26.0 + 3.16 
7.0 6 27.0 = 1.29 
6.0 6 28.0 = 3.34 
5.0 6 wi 28.5 + 0.44 
4.0 6 34.0 + 0.36 
3.0 6 36.0 + 0.41 
2:0 10 70.0 + 0.51 
: 1.0 12 135.0 + 0.06 
0.5 ig 200.0 + 0.70 


TABLE IIT. COMPARISON OF CONTINUOUS AND MANUAL EXTRACTION PROCEDURES 


MANUAL CONTINUOUS INCREASED 
SAMPLE EXTRACTION EXTRACTION DIFFERENCE YIELD 
NO. SEX MG. TBRS/24 HR. MG. TBRS/24 HR. MG. TBRS/24 HR N 
i M 1.61 1.78 0.17 10.56 
2. M 0.92 1.01 0.09 9.78 
Oe M 1.74 1.92 0.18 10.34 
f, M 1.54 1.69 0.15 9.74 
2D. M 1.83 2.01 0.18 9.84 
0, M 1.45 1.58 O18 8.97 
os F 1.40 (3 O15 9.29 
Ss. K 23 1.35 0.12 9.76 
9. i 1.58 Lets OD 9.49 
10. I" 1.28 1.40 0.12 9.38 
‘i. Ik 0.90 1.00 0.10 10.00 
12 I 1.20 an 0.1] 9.17 





An additional test of the extraction procedure was made by studying the 
recovery of desoxycorticosterone added to urine and water. In these experi- 
ments erystalline desoxycorticosterone dissolved in 1 ml. of ethyl aleohol was 
added to 100 ml. aliquots of urine. The pH was adjusted to 1.0 and the mix- 


ture was allowed to stand for twenty-four hours at 25° C. The results shown 
n Table IIL indicate that usually 96 to 101 per cent of the desoxycorticosterone 


‘ould be recovered. 


TABLE III. ReEcovERY OF DOC* By MANUAL EXTRACTION WITH CHLOROFORM 


DESOXY CORTICOSTERONE FLUID NUMBER OF RECOVERY RANGE 
ADDED (GAMMA) VOLUME SAMPLES (PER CENT) 
25 100 ml. water t 96-101 
50 100 ml. water 4 97- 99 
100 100 ml. water 4 97-101 
25 100 ml. urine } 96- 99 
50 100 ml. urine 4 98-10] 
100 100 ml. urine 4 96-100 


* Desoxycorticosterone. 


Studies on the rate and extent of color development of various steroids 
ith BT are included in the preceding paper. According to these results the 
‘T color developed by the adrenocortical steroids in methanol:NaOH stabilizes 
ter eighteen minutes and remains constant for at least two hours. 
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The reagents employed and routine procedure for the extraction of urine 
and development of color follow: 


Reagents.—Chloroform—C.P, reagent grade, Mallinckrodt 

0.1N Sodium hydroxide—4 Gm. of C.P. reagent grade, NaOH pellets are dissolved in 1,000 
ml. of distilled water. A large volume of this solution is prepared. Aliquots are chilled 
in the refrigerator before use. 

Hydrochlorie acid—Concentrated, reagent grade, C.P. 

Sodium sulfate—Anhydrous, granular, C.P. reagent grade 

Methyl aleohol— Absolute, reagent grade, C.P., Mallinckrodt, distilled from dinitrophenylhydra 
zine. Fraction distilled between 63.5° C. and 65° C. is collected. 

Blue tetrazolium (BT)—Ditetrazolium chloride. Obtained from General Biochemicals, Inc., 
Chagrin Falls, Ohio, and Manomer-Polymer, Ine., Leominster, Mass. It is important that 
this dye be purified before use. The pure compound is pale yellow in color and melts at 
245° C. with decomposition. If the compound does not meet this standard of purity it is 
necessary that it be recrystallized in the following manner: the impure tetrazolium salt 
is dissolved in methanol with the aid of heat and ethyl acetate in acetone is added until 
erystals form. The yellow crystals are colleeted and dried. This process is repeated 
until a crystalline product is obtained that melts at 242 to 245° C. dee.12 

Blue tetrazolium (BT) 1 per cent methanolic solution—The amount of dye desired is weighed 
and transferred to a volumetric flask with the aid of small amounts of redistilled 
absolute methanol. The solution is then diluted to volume and thoroughly mixed. This 
solution is prepared the day it is to be used and is stored in an amber glass-stoppered 
bottle. 

Pyridine—Dried over barium oxide and distilled. Only the middle fraction of the distillate 
is saved. 

Acid-pyridine—20 ml. of concentrated hydrochlorie acid is added with care to 100 ml. of 
freshly distilled pyridine. Cool before use. (Prepare acid-pyridine solution under a 
hood. ) 

Methanol-acid-pyridine solution—3 parts of methanol are mixed with 1 part of acid-pyridine 
the day this reagent is to be used. 

1.0N Sodium hydroxide in 80 per cent methanol—40 Gm. of reagent grade sodium hydroxide 
pellets are dissolved in 200 ml. of double distilled water. Cool and dilute to 1,000 ml. 
with redistilled absolute methanol. Mix thoroughly. This solution is titrated against 
standard acid and adjusted to exactly 1.0N. 

Standard stock solution—25.0 mg. of crystalline desoxycorticosterone in 25.0 ml. of redistilled 
absolute methanol. Store in tightly stoppered dark bottle in the refrigerator. 

Working standards—Stock standard diluted in 1:10. Concentrations of 10, 20, 40, 60 and 
100 gamma per ml. in redistilled absolute methanol are used to establish a standard 
reference curve. 

Extraction and Purification of Total Urinary Corticosteroid Extract.—The general plan 

of extraction is indicated in the accompanying flow sheet (Fig. 1). 

Colorimetric Estimation of Total Urinary Corticoids by the Reduction of the Blue 

Tetrazolium (BT) Dye.—All solutions are brought to a temperature of 25° C. before use. The 

reaction is carefully timed from the addition of the tetrazolium blue solution to each tube. 


1, Standard Solution: A standard reference curve is prepared by using known solutions 
of desoxycorticosterone in absolute methanol containing 10 to 100 gamma per milli 
liter. Prepare colorimeter tubes in duplicate, containing 1 ml. of desoxycorticosterone 
standard in redistilled absolute methanol. To each add 1 ml. 1N NaOH in 80 per 
cent methanol and 1 ml. 1 per cent blue tetrazolium (BT) in absolute methanol. 

2. Reagent Blank: Prepare colorimeter tubes in duplicate, each to contain 1 ml. re- 
distilled absolute methanol, 1 ml. IN NaOH in 80 per cent methanol, and 1 ml. 

1 per cent blue tetrazolium (BT) in absolute methanol. 
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3. Urine Extract: In another series of tubes, prepared in duplicate, the purified steroid 
extracts in methanol solution are substituted for the standard solutions. Each tube 
contains 1 ml. steroid extract in methanol, 1 ml. 1N NaOH in 80 per cent methanol 
and 1 ml. 1 per cent blue tetrazolium (BT) in absolute methanol. 

4. Color Correction for Urine Extract: These tubes may be prepared for each urine 
extract, but are actually only necessary for colored steroid extracts. To each tube 
add 1 ml. redistilled absolute methanol, 1 ml. IN NaOH in 80 per cent methanol and 
1 ml. 1 per cent blue tetrazolium (BT) in absolute methanol. The color correction 
tubes need not be incubated twenty minutes. Acid-pyridine 1.0 ml. is added to 
each tube followed by the addition of 1.0 ml. steroid extraet and 2 ml. absolute 
methanol. The tubes are well mixed and tightly stoppered. The results expressed 
as mg. steroid are subtracted from the total value for the urine extract. 


5. Color Development: The details of color development are presented in the text of the 


preceding paper. 

Results are expressed as milligram equivalents of desoxycorticosterone excreted per 
twenty-four hours. <A standard calibration curve is used. This curve is checked with each 
group of unknowns by reacting standard solutions containing 20, 40, and 60 gamma per 
milliliter of absolute methanol. The conversion factor for expressing results as compound 
F is 1.3. 

DISCUSSION 

The physiologically active steroids all have the alpha-beta unsaturated 3- 
ketone in ring A of the steroid nucleus and each has an alpha-ketol side chain. 
These compounds differ only in the degree of oxygenation at C-11 and in the fact 
that compounds S, IF, and E have an alpha-hydroxy] group at C-17. The C-21 
side chain is extremely sensitive to acids, alkalies and oxidizing agents. The 
analytical techniques employed utilize both the solubility and chemical charac- 
teristics of these steroids. The speetficity of the procedure depends largely 
upon the complete removal of interfering reducing substances that may react 
with the reagent. 

The use of chloroform as a solvent for steroid extraction has been dis- 
couraged by some authors’? because of its tendency to form stable emulsions 
with urine. However, the use of cold alkali and water for removal of interfer- 
ing substances from the chloroform extract enables one to use this solvent with- 
out difficulty. The neutral lipid extract must be reduced to dryness at a low 
temperature (less than 50° C.) to avoid decomposition of the reducing steroids. 
Murther fractionation of this extraet prior to color development has been re- 
ported by Romanoff and co-workers’® but is not considered necessary for routine 
urposes. More specific information regarding individual compounds may be 
btained by partition between benzene and water or by means of Girard’s 
‘eagent T.§ 

The actual ecorticoid content of urine must be much greater than the amount 
btained after acid hydrolysis. Investigators'’ ** 1 have shown that the chemi- 
‘al hydrolysis of conjugated steroids is destructive of the steroid. The greatly 
nereased yield of urinary corticoids following hydrolysis with beta-glucuroni- 
iase’ 1% 1% indicates the inadequacy of the purely chemical procedure. Elevat- 
ng the temperature of the acidified urine destroys the physiologically active 
adrenal steroids.'? The greater yield of corticoids at lower pH values is in 
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THE EXTRACTION OF THE TOTAL URINARY ‘*CORTICOID’*” FRACTION FROM 
HUMAN URINE 

1. 24 HR. URINE PRESERVED WITH 5 ML. OF CHLOROFORM AND 


t. Discard 
extracted 
urine, 


6. Diseard 


wash water. 7. 


REFRIGERATED. 


100 ML, ALIQUOT OF A WELL MIXED 24 HOUR URINE 
Acidified to pH 1 with cone, HCl. Allowed to stand 
24 hr. over 50 ml. chloroform at room temperature. 
ACIDIFIED URINE 
Extracted 2 « with 50 ml. cold chloroform. 


Extracted 3 « with 40 ml. cold chloroform. 


COMBINED 


10 ml. cold distilled water, 


CHLOROFORM EXTRACTS ARE 


Wash ] with 


CHLOROFORM EXTRACT 


Wash 4 with 40 ml. portions of cold QIN NaOH. 


S. Re-extraet alkaline 


wash ] 


chloroform. 


9, Diseard 


alkali washes 


12 

15. Diseard 
sodium 
sulfate. 

Fig. 1. Flow 


sheet 


7. TRANSFER QUANTITATIVELY 


« with cold 


COMBINED CHLOROFORM EXTRACTS 
Wash 4 « with 40 ml. portions of 


cold distilled water. 


10. 11. 


Combine chloroform 
with extract step 11. 


Discard wash water. 


Ee 


DRY CHLOROFORM EXTRACT BY SHAKING WITH 1-2 GM. OF 


ANHYDROUS SODIUM SULFATE. 
A WHATMAN 42 FILTER PAPER 


RINSE FILTER PAPER AND 
AMOUNTS OF CHLOROFORM 


FILTER 
INTO A 
SODIUM 
AND COMBINE 


EXTRACT THROUGH 
DISTILLING FLASK. 

SULFATE WITH SMALL 
WITH EXTRACT. 


TO APPROXIMATELY ML. IN AT A 


RE BELOW 50° C. 


EVAPORA’ VACUO 


rE 
TEMPERATU 


TO A SMALL TEST TUBE. 


. EVAPORATE TO DRYNESS UNDER A STREAM OF NITROGEN. 


DRY IN VACUUM DESICCATOR. 

DISSOLVE RESIDUE IN A KNOWN AMOUNT OF METHANOL OR 
ETHANOL DEPENDING UPON ALKALI TO BE EMPLOYED IN 
COLOR DEVELOPMENT BY TETRAZOLIUM METHOD. 


indicating the sequence of events in the extraction and purification of urinary 
neutral reducing steroids 


accord with the data of others'® who have shown that mild hydrolysis increases 


the vield of reducing substances. 


The time and temperature as well as the pH 


for urine hydrolysis were all carefully controlled in this study. 


The formaldehydogenie procedure may be somewhat more specific than the 


tetrazolium 


for 


the side chain characteristics of steroids. This faet explains 


the slightly lower values obtained on normal subjects and in various pathologica! 


states with the formaldehydogenic procedure. 


The phosphomolybdate reagent 
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is evidently less specifie than the other reducing substances employed. Romanoff 
and associates’? have pointed out that total urinary corticosteroid extracts con- 
tain about 20 per cent of compounds that are classified as ‘‘nonaleoholie redue 
ing lipids’? which are probably not adrenal in origin. The copper reduction 
method gives results that are practically identical with the tetrazolium method 
but the procedure is more tedious and time consuming. The variations in 
corticoid exeretion obtained in normal (Table TV) and disease states by the 
different methods parallel one another closely (Table V 


TABLE TV. RANGE OF CortIcoIp EXcreTION BY Norman ApuLT HUMAN SuBJECTS 


‘¢ cORTICOIDS’ ”* 


SUBJECT AGE SEX TBRS PRS CRS FS 
i. 3a M 1.75 2.00 1.80 1.59 
2. 30) M 2.07 2.12 2.10 1.SS 
; 36 M 1.61 1.80 1.66 1.46 
| 29 M 1.83 2 00 1.90 1.65 
3) 4 M 1.74 1.90 1.8] 1.57 
6 20 M 0,92 1.10 1.05 OS] 
7 a3) M 1.78 1.90 1.83 1.60 
S 2 M 1.00 1.16 1.10 0.91 
9. 60 M 1.54 1.68 1.60 

10, 2s M 1.25 1.35 1.30 

i aii M 2.45 2.80 2.45 

12. 30 M 1.70 1.92 1.73 1.52 
13. 26 M 1.25 1.40 1.29 1.12 
14. 32 M 1.20 £33 1.26 1.09 
1D: 33 M 1,12 1.20 ey 1.01 
16. 31 M Lao 1.46 1.40 LS 
ile a a) M 1.70 1.81] 1.73 1.60 
18. LO) M 1.45 1.59 Lo] 1.30 
19. 50 F 1.97 2.40) 2.24 1.75 
20, 15 F 1.40 1.50 1.46 1.25 
21. 4 F 1.63 1.80 1.70 1.45 
22 29 I 1.58 aye 1.66 1.40 
23 24 | 1.28 1.40 i32 

24 30 | 0.90 as 1.03 

25. 28 I 1.20 1.35 1.28 1.07 
26, 30 I 1.50 1.71 1.60 

Ae 26 . 2 1.42 1.60 1.52 1.25 
28. 54 F 1.42 1.58 1.50 

29. 24 | 1.25 1.45 Las 

30, 35 | 1.70 1.83 1.75 ° 
31. 26 | 1.10 1.22 1.15 0.98 
o2. 22 | 1.04 1.26 1.12 0.90 
33. 31 K 0.98 1.16 1.04 O.S9 
D4, 28 F 1.12 1.30 1.19 1.00 
Average adult males 1.54 + 0.38 1.70 + 0.41 1.59 + 0.56 1,55 + 0.3] 
Average adult females 1.34 + 0.28 1.53 + 0.47 1.43 + 0.3] 1.20 + 0.20 


*Milligram excreted per twenty-four hours expressed as the reducing equivalent of 
soxycorticosterone. TRRS, Tetrazolium blue reducing steroid. PRS, Phosphomolybdate re- 
‘ing steroid. CRS, Copper reducing steroid. FS, Formaldehydogenic steroid. 

It is apparent from the results presented that similar results may be ob- 
‘ined by all four methods. However, the simplicity and stability of the reagents 
‘quired for the tetrazolium procedure as well as the great stability of the color 
eveloped by its reduction make this method preferable in the opinion of the 
ithors. 
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TABLE V. AVERAGE ‘‘CorTICOID’’ EXCRETION IN HEALTHY SUBJECTS AND IN VARIOUS DISEASE 
STATES 


NUMBER | “AGE |NUMBER| 


OF RANGE OF AVERAGE EXCRETION OF ‘‘ CORTICOIDS’’* 

CONDITION : SUBJECTS SEX (YR.) | DET’NS TBRS PRS cRS | FS 

Normal adult males 18 M~ 24-61 18 1.54 1.70 1.59 1.35 

Normal adult females 16 22-55 16 34 1.53 1.48 1.21 

Hospitalized adult 150 25-60 150 1.44 1.68 1.56 1.31 
males 

Addison’s disease 1 M 29 8 0.43 0.58 0.50 0.39 

1 M 32 8 0.29 0.49 0.41 0.26 

1 M 38 3 0.40 0.56 0.48 0.36 

] M 39 3 0.48 0.61 0.56 0.44 

Adrenal adenocar 1 M 34 10 3.46 5.09 3.81 3.15 

cinoma: ] M 32 1] 4.24 5.31 4.50 3.85 

Hypopituitarism : ] M 40 6 0.50 0.7 0.61 0.46 

1 M 36 4 0.78 0.92 0.83 0.69 

] M 62 9 0.32 0.39 0.34 0.28 

] M 60 8 0.33 0.40 .06 0.29 

Cushing ’s syndrome: 1 M 26 4 3.73 5.10 4.05 3.35 

Chronic inanition: 1 F 31 3 0.3 0.48 0.40 0.30 

1 M 38 } 0.81 1.03 1.00 0.72 

1 M 58 } 0.85 1.09 1.01 0.76 

Pregnancy: 

Normal excretion 1 F 28 2 1.20 1.35 1.28 1.07 

2nd month of gesta 2 1.66 1.85 1.78 1.48 
tion 

4th month of gesta 2 1.80 2.04 1.92 1.60 
tion 

6th month of gesta 2 2.05 2.45 2.15 1.79 
tion 

8th month of gesta 2 2.95 3.20 3.05 2.60 
tion 

2 months postpreg 2 1.50 1.76 1.63 1.33 

nancy 


*Milligram “Corticoids” excreted per twenty-four hours expressed as the reducing equiva- 
lent of desoxycorticosterone. TBRS, Tetrazolium blue reducing steroid. PRS, Phosphomolyb- 
date reducing steroid. CRS, Copper reducing steroid. FS, Formaldehydogenic reducing steroid. 


SUMMARY 


The extraction and purification of urinary neutral reducing steroids has 
been described. Reducing steroid estimation by means of blue tetrazolium has 
been detailed and compared to other procedures. It gave similar results on 
normal and pathological specimens and has numerous advantages from the 
standpoint of analytical technique. 
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STABLE PRECISION IN A READILY ASSEMBLED, CONTINUOUSLY 
RECORDING PHOTOELECTRIC BUBBLE FLOW METER 


CLAUDE V. WiINpDER, Sc.D., JOAN Wax, M.S., AND RicHarp W. THomas, B.S. 
Derroir, Micu. 


a and associates! introduced the bubble flow meter for blood flow 
measurements. General considerations of principles, advantages, and 
limitations of sueh instruments have been given by Bruner.* Selkurt* * 
introduced photoelectric recording of the bubble passage time, thus removing 
subjective inaccuracy. This, in turn, allows shortening of the tube length 
and bubble passage time, henee reduction of pressure loss and alleviation of 
the temperature control problem. Sokalehuk and co-workers’ employed the 
photoelectric signal electromechanieally to reverse the direction of flow in the 
meter upon arrival of the bubble at either signal station, thus confining the 
bubble to movements back and forth between stations, and providing for 
continuing recording of flow rate after injection of a single bubble. A similar 
principle had been applied by others to the Ludwig type Stromuhr. 

The Sokaichuk instrument involves dual custom-built) photoelectronic 
drivers to operate the reversing solenoids. It may be useful, therefore, to 
deseribe an implementation of automatie photoelectric bubble reversal that 
uses a single, inexpensive, commercial photoelectronic unit and that is 
assembled largely from stoek components. The apparatus has been in 


relatively carefree use for about two vears. 


MATERIALS AND PROCEDURES 


Referring to Fig. 1, drawn to scale, the mechanical assembly is in two units: 4 con 
sists of the bubble-carrying tube and the photoelectric station, and B is an electromechanical 
valve for reversing the flow in 4. 

Looking first at unit 4, the central feature is an aluminum block, a, through which two 
light ports, b, and two channels for a polyethylene tube, c, are drilled. Three rods are fitted 
tightly into holes in this block: d is a support rod for the entire unit, and the two e rods 
serve both to support a plastic shelf, f, bolted to them, and to aid in shaping the loop of the 
tube at points g. The shaping of the loop is completed by means of the stick, h. 

Bolted to the under surface of the aluminum block is the photocell box, j. It was con 
venient to cut down the box of a Fisher* Phototube Unit so that the sensitive element of the 
tube (RCA-921) was centered immediately below the two light ports, b. Light leaks in th: 
box were eliminated with masking tape. 

At k, two opposed signal magnetst working on a common armature operate a shutter ove! 
the light ports, and are mounted on a separate rod. 

The light source is not shown. A Spencer Universal microscope lamp, model No. 353,! 
is slipped from its base and mounted with an ordinary clamp to the same stand that support: 
unit A and the shutter assembly. With the lens about 15 cm. over the light ports, the bean 
conveniently adjusts to a sharp rectangular area just covering the two ports. 


From the Research Laboratories, Parke, Davis and Company. 
Received for publication, June 26, 1953. 

*Fisher Scientific Co., Cat. No. 13-991-5 (1952). 

+E.g9., Arthur H. Thomas Co., Cat. No. 8063 (1950). 

tE.9., Harshaw Scientific, Cat. No. H-50,420 (1950). 
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The other major mechanical unit, B, the electromagnetic reversing valve, is mainly a 
produet of the laboratory scrap bin; it may well vary considerably according to available 
materials. The opposed solenoids illustrated, p, happen to be Allen-Bradley,* series 5PPUA, 
RC3501, 110 V., 60 eyele. They provide an excess of power, and greater finesse could perhaps 
be achieved by use of smaller units, particularly if DC-powered. To prevent AC-chatter, their 
mounting must be adjusted rather carefully with respect to full, tube-oecluding positions of 


the clamp head, q. 
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Fig. 1.—Top (lower left), side (upper) and end (right) views of A, the bubble-carrying 
oop and photocell station, with phasing shutter, and B, the reversing valve. Small case letters 
efer to parts described in the text. The lamp and certain stock electrical equipment are not 
shown. 


The clamp head, q, is constructed from available pieces of brass that suggested the design 
‘shown. Four pieces of pure gum tubing threaded through supporting holes in the brass head, 
together with four glass Y’s, complete the reversing valve. The entire linkage is mounted 
on a sturdy piece of hardwood, in turn bolted to a heavy metal shelf independent of other 

pparatus to avoid transmission of the solenoid jar. Connections are made between the valve 





*Allen-Bradley Co., Milwaukee, Wis. 
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and unit « and the animal, through shortest reasonable lengths of pure gum tubing. <A 
suitable air trap, 7, as well as a manometer connection (not shown) are included in the return 


line to the animal, and a calibration by-pass is connected across inlet and outlet. 


The movement of a block, t, fastened to the armature connecting link, uv, operates a 
single-pole double-throw (BZ-2RW-A2) Micro Switeh* at s. This eontrols the shutter, k, 
and a recording signal magnet not shown in Fig. 1. All eleetrical connections to assembly B 


are made through the connector v. 

Supplemental electrical components used are a Fisher-Serfass Electronic Relay, Im 
proved,t companion-piece of the Phototube Unit; a Struthers Dunn} ratchet relay, type (A 
1IBXX, 115 volt 60-cycle coil, 115 volt AC 6 ampere contacts; and a 3 volt DC souree for 

» 


operating the signal magnets. These are all placed in the wiring diagram, shown in Fig. 2. 
s ; 5 5 i a 





PHOTOCELL | 


i 
‘ . Te 
es | 
SHUTTER SIGNAL MICRO | SWITCH 
! 
1) 












































(OUFE=(LULL 
VAILVE 
RAT 
No Vv. CHET RELAY 
ELECTRONIC 
RELAY 
60 CY. 
Fig. 2 Wiring diagram. Specifications of components are given in the text. 


All tubing is wrapped with cotton to reduce heat loss. After an experiment con 
nections are broken at convenient points and all tubing brushed and rinsed thoroughly. 
Reassembled, the tubing is filled with heparinized physiological saline solution befor 
connection to an animal for use again, 

In the first trial, connections to the shutter magnets are reversed, if necessary, unti 
one of the two positions of the ratchet relay provides the valve and shutter positions an 
flow direction indicated by arrows in Fig. 1. With blood flowing through the apparatus, 
an air bubble injected into the tube w through an ordinary syringe and fine needle 
travels uneventfully past the photocell station because the shutter is over the respectiv: 
light port. On arrival at the opposite light port, light is transmitted to the photocell, th 
electronic relay is activated, the ratchet relay reverses contacts, and thus the activity o 
the opposed solenoids is reversed. Simultaneously, therefore, the bubble starts movin, 
in the opposite direction, and the Micro Switch reverses the shutter position to cove 
the port just traversed by light and signals the event on the kymograph. The oth 
half of the cycle is then completed analogously. It is seen that the shutter serves 1 
insure against any accidental repetitive photoelectric activity while the bubble is i 
station, which, if repeated an even number of times, would send the bubble on out th 


exit to the trap. For this reason we call the shutter the “phaser.” 





*Micro Switch, Freeport, III. 
+Fisher Scientific Co., Cat. No. 13-991 (1952). 
tStruthers Dunn, Inc., Philadelphia, Pa. 
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RESULTS AND CRITIQUE 

Inasmuch as the volume of connections between the photocell station 
and the reversing valve is less than that of the bubble loop, blood about the 
bubble is constantly being refreshed, providing continuing gaseous exchange. 
Hence, as pointed out by Sokalehuk and associates,> a bubble which is thus 
kept oscillating may gradually diminish in size. This is particularly the case 
when the animal has been subjected to nitrogen “wash-out,” as during artificial 
ventilation with oxygen. In six such consecutive experiments the bubble 
shortened at an average rate of 10 mim. in seventeen to forty-five minutes 
(average, thirty-five minutes). During natural respiration of room air, on 
the other hand, the bubble may change much more slowly, or, indeed, im- 
perceptibly over long periods. We have arbitrarily allowed an old bubble 
to escape when it is reduced to about LO mm. in length. This is done by 
manually shading the light port as the bubble approaches it. .\ new bubble 
20 to 25 mm. long is then injected on the opposite (shuttered) side. 

It will be apparent that in the case of such an oscillating bubble a given 
actual flow rate will be represented by an oscillation (reversal) frequeney 
depending in part on bubble length. It is therefore necessary for utmost 
accuracy to estimate the actual bubble length and adjust the reeorded 
oscillation frequencies to that of some standard bubble length. Thus, if the 
loop of tubing between photoelectric stations is 60 em. long and if 20 mm. is 
taken as the arbitrary standard bubble length, the adjustment factor is 

(600 mm.) — (actual bubble length in mun. 
600 mm. — 20 mm. 

A table of such factors for estimated actual bubble lengths of 5 mm. to 27 
mm. in 1 mm. steps, together with a slide rule or automatic desk computor, 
renders the adjustment sufficiently convenient. However, a 10 mm. deviation 
n bubble leneth, above or below standard, will be seen to eall for correction 
y a faetor of only 1.017 or 0.983, as the case may be. Hence, within a 
easonable range of bubble lengths, and with a loop this long, the adjustment 
ay be ignored without serious consequence. Error in estimation of total 
fective loop length (infra) is readily seen to be of vanishing importance as it 
incerns computation of the adjustment factor. 

Effective loop length is another coneept peculiar to oscillation of the 
ibble. In the case of the conventional unidirectional bubble flow meter, 
rors in timing of arrival of the bubble front at the two marks, whether 
sual or photoelectric, are likely to cancel out on the average. When the 
bble is made to oscillate between the stations, however, these potential 
rors at the opposite ends of its run are additive and depend on total photo- 
ectromechanical lag in reversing the loop flow. The shorter the time of 
‘illation, as the flow rate increases, the greater the relative importance of 
is potential error. Thus, empirical calibration becomes more desirable, and 
is fortunate that eonvenience of such ealibration is another peculiarity of 


e continuously oscillating and recording bubble. 
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In Fig. 3 are plotted all the in vivo calibration data for the instrument 

as now used. The polyethylene loop measures about 60 mm. between stations 
and has an inside diameter of 4.0 mm.* The three sets of data shown were 
obtained with the flow meter connected into the course of the common carotid 
artery of respective anesthetized, heparinized dogs. Each point entails (a) 
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Fig. 3.—Calibration curve, showing all observations in all three such experiments, and 
covering an eight-week interval during which the lamp bulb was renewed. Points indicated 
by arrows show the influence of a large, deliberate change in light intensity. The dashed 
straight line assumes uniform flow per reversal equal to the average of the (adjusted) values 
of the five lowest flow rates (7.65 c.c. per reversal). 
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opening the calibration by-pass, (b) closing the return line between the by- 
pass and the meter, (c) opening to the desired flow a side tube (air trap 
escape) between this point of closure and the meter, (d) collecting this out- 
flow into a graduated eylinder for an integral number of bubble reversals, 
and, finally, (e) reinfusing the collected blood into the animal. In the 
neighborhood of 50 ¢.c. to 100 ¢.c. were collected during 7 to 13 (usually 12) 
bubble reversals. Time in seconds and bubble reversals were recorded 
kymographieally. 





*Clay-Adams PE-380. 
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The shift in the calibration line representing the upper four points is 
due to an increase in the light intensity to maximum and removal of a heat 
filter. This was necessary to prevent escape of the bubble past the photo- 
electric station at these high flows, and indicates that there was, indeed, 
photoelectric lag, at least with the lower light intensity. Up to a flow rate 
of 60 to 70 @e¢. per minute, however, any resulting increase in effective loop 
length was insufficient to overcome the normally expected gradual decrease in 
slope of the calibration curve due to the bubble running ahead of the flow 
(Bruner*). Beyond 60 to 70 ¢.¢. per minute the rates of change in the two 
opposing influences about balanced one another to produce a substantially 
straight line. The large, deliberate change in photoeleetrie conditions shifted 
the flow per bubble reversal by less than 4 per cent, at a flow rate of 160 to 
166 cc. (point of break). If utmost precision in absolute flow measure is 
needed, the instrument is easily calibrated oceasionally as a check on photo- 
electric stability. It may be noted in this connection that (a) the first and 
last experiments plotted were separated by eight weeks, (b) that a new lamp 
bulb was installed between the first and second, and yet, (c) that the scatter 
of individual points from the line easily could be accounted for by errors in 
collecting blood in the graduate and reading its volume. 

Blood cell damage due to tube occlusion in the reversing valve has not 
been studied. 

There remains a final potential disadvantage peculiar to oscillation of the 
bubble. A mass of blood is repeatedly deaccelerated to zero and reaccelerated 
in the opposite direction or in other tubing (in the valve). In the ease of the 
particular dimensions being considered, the involved blood mass amounts to 
about 15 to 20 Gm., and the velocity to as much as 16 em. per second at a flow 
rate of 100 ¢.e. per minute. The energy change is a very transient phenomenon 
whose time course will vary with elastic properties of the system. We have 
not attempted to record it. At flow rates up to at least 100 ¢.c. per minute, it 
can just be detected with certainty on a damped mercury manometer connected 
to the outflow or inflow line. At such flow rates its contribution to the average 
pressure drop through the instrument is certainly negligible. Tlowever, when 
an undamped mereury manometer was connected differentially across the input 
and output lines at the level of the calibration by-pass through wide-bore metal 
tubing, very transient downward swings of 1 to 5 mm. IH[g were seen on valve 
reversal, at flows up to 100 ¢.¢. per minute. The exact movement depended on 
the flow rate, the amount of air in the small air trap, and the degree of c¢o- 
incidenee with the diastolic phase of the pulse evele. Inasmuch as the bubble 
‘low meter is not suitable for study of transient flows at best, this transient 
‘ould be damped almost at will as by increasing the amount of air in an 
enlarged trap. 

Two methods were used to measure the over-all average pressure drop 
through the flow meter, from and to the level of the calibration by-pass. First, 
it was read on the above-mentioned differentially connected mercury manometer 
ifter damping, with the flow meter connected into the common carotid artery 
of the dog and with the flow artificially adjusted to various levels by means of 
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a serew clamp on the outflow line. Secondly, separate damped recording 
manometers were connected to the respective sides and the pressure drop 
measured on the record at various flow rates, as the change in the manometers’ 
differential positions relative to their differential at zero flow. The two 
approaches agreed to a roughly linear relationship between pressure drop and 
flow in the range from about 1.8 mm. He at 10 ¢¢. per minute to about 10 
mm. He at 100 ¢e¢. per minute. Sueh values are not high for a bubble flow 
meter (cf. Bruner?, Selkurt®*). Viscosity determinations were not made, 
but pressure drop values soon after rapid infusion of E10 ee. of normal 


saline indicated no important deviations from the above relationship. 


SUMMARY 


Precision and stability of calibration and convenience in assembly and 
use have been described for a recording bubble flow meter in which the bubble 
is caused to oscillate continuously between two photoelectric stations employ- 
ing a common photocell. The over-all pressure drop is satisfactory for a 
bubble flow meter, and the transient energy changes associated with flow 
reversals are small and can be damped almost at will. With optimal heht 
and optical adjustment flows in excess of 200 ¢.¢. per minute were recorded. 

Acknowledgment.—The senior author is grateful to Dr. Sokalchuk for an opportunity 


to see his instrument in operation. 
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IMPROVED INJECTION PIPETTE FOR DETERMINATION OF 
CARDIAC OUTPUT BY THE DYE METHOD 

©. V. Roprnson, Pu.D.,* T. H. Li, M.D.,** anp BENJAMIN EtstTEN, M.D.*** 

Boston, Mass. 


O NE of the important steps in determining eardiae output by the dye dilu- 
tion method is a quick and smooth intravenous injection of a precisely 
known amount of dye (T-1824) to produce a bolus which ascends in the veins 
toward the heart and lungs.'!}?) Various ways of injecting the dye into an 
antecubital vein or into a catheter in the pulmonary artery have been described. 
These methods include the use of two syringes with three-way stopcocks, weigh- 
ing of the dye syringe before and after injection, and calibration of the injee- 
tion needle to estimate the residual dye.-° The reported techniques of injection 
incur an error of 2 per cent or more. The weighing and repeated calibration 
of syringes are time consuming and cumbersome. The necessary interruption 
between manipulations for injecting and flushing may give rise to inaccurate 
results. Our experience with these difficulties? led to the design of the present 
special pipette for the purpose of making a rapid injection of a precise amount 
of dye, 
MATERIAL AND METHODS 


The pipette consists of a special stopcock with unequal arms and with brass ends fitted 
and cemented on (Fig. 1). Heavy-walled Pyrex capillary tubing of 3 mm, bore is used and 
the stopeock plug has also a 3 mm. bore. A uniform cylindrical shape was chosen for the 
lumen in order to reduce turbulence and thus facilitate flushing and delivery of the dye. 
Several sizes of pipettes were made so that amounts of dye could be injected according to 
the body weight of the patient. The volumes are approximately 1.1, 1.5 and 2.2 ml, and 
the total leneths are 21, 26, and 238 em., respectively. The pipette attached to a syringe is 
shown in Fig, 2. 

In preparation for the injection the pipette is filled to its calibrated volume with dye. 
This is done by dipping the tip (7, Fig. 1) into the dye, aspirating with a syringe until 
the dye is above the stopcock, closing the stopeock, flushing out the excess dye from the short 
irm with sterile normal saline, and wiping any excess dye from the tip. The flushing syringe 
vith 10 ml. of sterile normal saline is fitted into the short arm of the pipette. The tip 

ig. 1) of the pipette is fitted into a No. 15 intravenous needle which has been placed 
reviously in an antecubital vein of the patient. The injection is made by opening the stop- 
ock and emptying the contents of the flushing syringe through the pipette in a smooth stroke 
hich requires three to four seconds. The stopcock is then closed and the pipette removed. 
‘he small amount of dye left within the pipette is washed into a beaker by flushing with 
From the Pratt Diagnostic Clinic, New England Center Hospital, and Tufts College 
fedical School. 

Aided by a grant from the National Institutes of Health, Public Health Service, No. 

3485(C). 

Received for publication, June 29, 1953. 

*Senior Biophysicist, Pratt Diagnostic Clinic and New England Center Hospital, Boston. 

**Research Associate in Pharmacology, Tufts College Medical School; Resident in Anes- 
esia, Pratt Diagnostic Clinic and New Iingland Center Hospital, Boston. 

***Professor of Surgery (Anesthesia), Tufts College Medical School; Director, Department 

\nesthesiology, Pratt Diagnostic Clinic and New England Center Hospital, Boston. 


773 

















774 ROBINSON, LI, AND ETSTEN }. Lab. & Clin. Med 


November, 1953 


TABLE IT. AVERAGE PERCENTAGE OF RESIDUAL DYE IN THE PIPETTE FROM TWENTY-THREE 
EXPERIMENTS 


TOTAL AMOUNT DYE LEFT 
OF DYE FOR IN THE 

EXPERIMENT INJECTION PIPETTE RESIDUAL DYE 

NO. (MG.) (MG.) (PER CENT) 
: + 5.70 0.009 0.04 
Z 5.70 0.017 0.31 
3 5.70 0.017 0.31 
4 5.70 0.0435 0.77 
5 5.70 0,058 1.02 
6 5.70 0.006 0.11 
7 5.70 0.020 0.36 
8 5.70 0,019 0,3¢ 
9 7.87 0.100 1.27 
10 7.87 0.076 0.97 
1] 7.87 0.060 0.76 
12 11:25 0.108 0.96 
3 11.25 0.108 0.89 
14 11.25 0.100 0.89 
15 11.25 0.108 0.96 
16 10.90 0.102 0.90 
17 10.90 0.071 0.65 
18 10.90 0.085 0.78 
19 10.90 0.081 0.74 
20 8.55 0.074 0.86 
21 8.55 0.046 0.54 
22 8.55 0.054 0.63 
23 8.05 0.046 0.54 


Mean 0.68% + 0.07% 
S.D. +0.382% 
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Fig. 1.—Precision dye-injection pipette. Section. 1, Brass end with male taper to fit 
hypodermic needle. 2, Volume—3 mm. bore calibrated through plug of the stopcock to the 
tip of part 1. 38, Stopeock. 4, Brass end female taper to fit syringe. Both ends cemented to 


the glass with litharge. 
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Fig. 2.—Dye pipette and flushing syringe ready for injection. 1, 2, 8, 4, parts of the pre 
cision pipette (see legend Fig. 1). 5, 10 ml. flushing syringe. 
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another 10 ml. of saline. The amount of residual dye is determined by comparison with the 
standard dye solution on a Coleman spectrophotometer, and the appropriate correction is made 
to the injected amount. This correction is of the order of 0.1 to 1.0 per cent. 

Table I shows the amounts of dye remaining in a 1.5 ml, pipette after each of 25 
intravenous injections of T-1824 in man. The mean value is 0.68 + 0.07 per cent. A satis 
factory correction of the injected amount can be made without measurement of the residual 
dye by simply subtracting this mean value. 


DISCUSSION AND SUMMARY 


Although a smooth, uninterrupted injection of an accurate amount of dye 
into the antecubital vein is one of the prerequisites in order to obtain good dye 
curves, other factors such as proper position of the arm and intravenous needle, 
suitable amount of dye according to the body weight of the subject, and free 
flow of blood through the brachial artery are equally important in the accurate 
determination of eardiae output by the dye dilution method.® * ® 

The design of precision pipettes and their application to the determination 
of cardiac output in man by the dye dilution method are described. The mean 
value of 0.68, standard deviation + 0.32 per cent is the correction factor asso- 
“ated with use of the described pipette. 
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1. THE INFLUENCE OF RELATIVE HUMIDITY ON TILE SURVIVAL 

OF VIRULENT TUBERCLE BACILLI DEPOSITED ON SURFACES 

SAMUEL ABRAMSON, V.M.D. (By INviration), AND WiLLIAM LeEstER, JR., M.D. 
CHICAGO, ILL. 


HERE have been some demonstrations, through animal inoculation, of an 

irregular presence of pathogenic tubercle bacilli in the air or on surfaces 
of environments contaminated by open cases of tuberculosis. Although 
persistence of living tuberele bacilli for prolonged periods following initia! 
environmental contamination is widely accepted, a differentiation between 
“freshly seeded” and long term residual contamination is not made. Both 
may be important in the epidemiology of tuberculosis. [actors contributing 
to the survival of tubercle bacilli in environments have not been evaluated. 
The purpose of this study is to quantitate survival of tuberele bacilli deposited 
on surfaces and maintained at constant temperature (72° I.) and various 
relative humidities. 

Atmospheres which remained constant at five different relative humidities 
(16, 55, 52, 75, and 95 per cent) were secured through use of saturated solu 
tions of various salts in small sealed desiccator jars. On sealing the jars, an 
equilibrium characteristic for each salt was established between water in air 
and solution. Measured volumes of suspensions of human tubercle bacilli 
(H57Rv) in water, broth, and saliva were deposited on glass slides and these 
placed in the sealed jars. At increasing intervals, slides were withdrawn and 
the tubercle bacilli resuspended tor quantitative colony counts. 

At relative humidities of 52 and 75 per cent, irrespective of the suspending 
vehicle, no viable bacilli were demonstrable eight days after initial deposit of 
inocula. In water suspension, organisms persisted in reduced numbers for 
only eight days at 16 and 95 per cent relative humidities, and at 33 per cent 
relative humidity viability was demonstrable only until the thirty-third day. 
In broth suspension, organisms failed to grow after eight days at 16 and 95 
per cent relative humidity and after fourteen days at 33 per cent. In saliva 
suspension there was no growth after the eighth day at 95 per cent, after 
thirty-five days at 16 per cent, and after thirty-seven days at 33 per cent 
relative humidity. Daily sampling of slides seeded with suspensions in pleura! 
fluid and maintained at 52 and 75 per cent relative humidity revealed that 
loss of viability was manifested very sharply within twenty-four hours; the 
viable population continued to decline with extreme rapidity. These findings 
are of interest in that the tubercle bacilli survived only for unexpectedly short 
periods. 
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2. RADIOCHROMATOGRAPHIC LDENTIFICATION OF THYROXIN 
IN AN ALPHA GLOBULIN FRACTION OF SERUM SEPARATED 
BY STARCIL ZONE ELECTROPHORESIS 


Kpwin ©. Atsricut, M.D., WitutAM P. Detss, M.D., anp 
RANK ©. LARSON, M.D., Maptson, Wis. 


(INTRODUCED BY Ovip O. Meyer, M.D.) 


Radioactive iodine was administered in therapeutic quantities to four 
patients with hyperthyroidism. The serum was analyzed by paper electro- 
phoresis to determine the distribution of radioactivity. Localization was 
found to occur in two zones, one in the slower moving albumin component, and 
another in the alpha zone just ahead of alpha-2 globulin. The radioactivity in 
the alpha zone was found to reach a maximum at four days. 

The serum at four days was analyzed using zone starch block electro- 
hhoresis. The distribution of the radioactivity was identical with that seen 
with paper electrophoresis. The protein of these two zones was eluted from 
the starch with physiological saline. Each eluate was extracted with N- 
butanol. That in the albumin fraction was not butanol extractible and is 
assumed not to contain thyroxin. The butanol extracts of the alpha-2 globulin 
fraction of the four patients were analyzed using paper chromatography and 
found to consist entirely of thyroxin. 

The absence of triiodothyronine in this fraction four days after oral ad- 
ministration of I'*' does not exclude its presence in serum, as this amino aeid is 
known to disappear rapidly from serum following intravenous administration. 
It is of importance, however, that the amino acid identified was thyroxin at 
a time when the radioactivity of serum is at a maximum following oral admin- 
istration of ['*?. 


3. EARLY RESULTS OF THE TREATMENT OF CHRONIC 
GRANULOCYTIC LEUKEMIA WITH INTRAVENOUS 
COLLOIDAL GOLD!?*> 


GouLp A, ANDREWS, M.D., AND Maucoum P. Tyor, M.D. 
Oak Ringe, TENN. 


(INTRODUCED BY FRANK H. BETHELL, M.D.) 


Six patients with previously untreated chronic granuloeytie leukemia 
were given colloidal gold'’> intravenously and have been followed for periods 
of from three to eight months. Two additional patients with late treated 
eranuloeytie leukemia were also given this isotope. In the previously un- 
treated patients initial injections of from 23 to 45.5 millicuries were adminis- 
tered. Three patients have had a second dose given at an interval of from 
two and one-half to five months. There were no untoward or toxie reactions 
except mild nausea. Less than 0.5 per cent of the isotope was excreted in the 
irine during the first week. Plasma radioactivity fell precipitously to a low 
evel within the first half hour. Levels of radioactivity in the white and red 
ells were determined for one patient. It was found that the leukocytes con- 
‘ained somewhat more of the isotope than the plasma, whereas the red cells 
showed negligible radioactivity. External counting studies and “scintisean” 
ecords verified the high concentration of the isotope in the liver with a 
significant but lesser concentration in the spleen. 
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General clinical improvement was definite in five of the six previously 
untreated patients. All six showed regression in the size of the liver and 
spleen. Hematologic studies showed a distinct fall in the total white count in 
all of the previously untreated patients with an associated increase in the 
maturity of the granuloeyte picture. In five of these cases an improvement 
in the red cell values oceurred after the maximal fall in leukocyte count. Liver 
function tests were abnormal in most of the group before treatment. Subse- 
quent studies showed no uniform change. In two patients for whom data are 
available the total blood cholesterol increased from abnormally low levels and 
an elevated basal metabolic rate decreased following treatment. One patient 
with late previously treated leukemia showed no benefit from therapy. The 
other patient, who was in terminal condition when the isotope was given, died 
two days later. Autopsy studies, including tissue radioactivity assays and 
autoradiograms, were performed. 


4. PRODUCTION OF MEGALOBLASTIC MARROW BY ADMINISTRA- 
TION OF CORTISONE IN APLASTIC ANEMIA, WITH SUBSEQUENT 
RESPONSE TO VITAMIN B,.; A RELATIONSHIP NOT 
PREVIOUSLY DESCRIBED 


W. R. ArrowsmitrH, M.D., Maucoum B. Burris, M.D. (By INviratTIon), AND 
ALBERT SEGALOFF, M.D. 
New ORLEANS, IA. 


An 18-month-old child has been under observation and treatment since the 
age of 4 months because of a severe anemia characterized by normal white cell 
and platelet values, decreased hemoglobin and red count, and almost complete 
absence of reticulocytes from the peripheral blood, and by a marked decrease 
in nucleated red cells in an otherwise normal bone marrow. The patient 
developed a reticulocytosis when cortisone was administered, without significant 
rise in red cell or hemoglobin values. The red cells appeared to become macro- 
eytic, and a second marrow examination showed many megaloblasts. Adminis- 
tration of vitamin B,. and folie acid produced a second reticuloeytosis with a 
subsequent rise in hemoglobin. Cortisone was discontinued and the patient 
reverted to pretreatment status despite continued administration of B,. and folic 
acid. Readministration of cortisone while continuing B,. and folie acid re- 
sulted in another reticulocyte response, to 21 per cent, and rise in red eell values. 
Splenectomy was performed, after which all therapy was discontinued; the 
anemia recurred. Readministration of cortisone appeared to have little effect 
on the peripheral count, but reinstitution of B,, therapy while continuing 
cortisone produced a reticulocytosis of 40 per cent and a return of hemoglobin 
to 13 grams. Combined therapy was continued for six months, following which 
cortisone was discontinued and the patient observed. The red cell and hemo- 
globin values have fallen somewhat, but the most recent observation suggests 
that the relapse may be only partial. The patient is continuing under ob- 
servation. 

This patient appears to have an aregenerative anemia limited to the red- 
cell series, characterized by severe diminution of nucleated red cells in the 
marrow. The anemia is refractory to folie acid and By, but under the in- 
fluence of cortisone red-cell development occurs in the marrow to the megalo- 
blastic level and no further, following which a splendid response to B,. is ex- 
hibited. This relationship between cortisone and red-cell development is not 
known to have been described previously. 
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5. STUDIES ON THE ANTIPYRETIC ACTION OF CORTISONE 


ELISHA ATKINS, M.D. (By Invitation), FRED ALLISON, JR., M.D. (By 
INVITATION), Mary Ruts Smitru, M.S. (By INvitation), AND 
W. Barry Woop, JR., M.D., St. Louis, Mo. 


The mode of action of cortisone as an antipyretic has been studied in 
rabbits challenged with intravenous injections of bacterial pyrogens. With 
both Pyromen and dextran, the fever was found to be markedly suppressed 
when cortisone was administered in liberal amounts (25 mg. twice daily) for 
three days prior to the challenge. Although the cortisone effectively blocked 
the febrile response to both pyrogens, it failed to influence the transient but 
marked leukopenia which characteristically precedes the onset of fever. 

The antipyretie action of the drug also was shown to bear no relation to 
the activity of the “serum factor” recently demonstrated by Farr, Grant, and 
others to be involved in the production of pyrogen-induced fever. In pre- 
liminary experiments with typhoid vaccine as the inciting pyrogen, the 
presence of “serum factor” activity in normal blood and its absence in the 
hlood of pyrogen-tolerant rabbits was confirmed. Subsequently the blood of 
rabbits treated with antipyretically effective doses of cortisone was shown to 
contain just as much “serum factor” activity as that of normal rabbits. In 
addition, previous incubation of the pyrogen with “serum factor” failed to 
influence the antipyretic effect of the drug. 

It is concluded from these findings that in suppressing pyrogen fever 
cortisone acts neither upon the leukopenic reaction nor upon the fever- 
accelerating “factor” of the serum. By exclusion it would appear that the 
drug must influence some later stage of the fever-producing process. The 
mechanisms involved in the later stages of the response to exogenous pyrogen 
remain undefined, and the need for determining whether they are related to 
the prefebrile leukopenia is emphasized. 


6. THE RELATIONSHIP BETWEEN THE METABOLIC STATE OF 
TUBERCLE BACILLI AND THE UPTAKE OF C™ ISONTAZID 


Wituiam R. Barcuay, M.D. (By INviration), Roperr H. Expert, M.D., anp 
Dieter Kocu-Weser, M.D. (By Invitation), Cuicaco, IL. 


Tubercle bacilli which are sensitive to isonicotinie acid hydrazide (isoni- 
azid) become radioactive and cease to multiply if incubated at 37° C. with 
(*labeled isoniazid. These organisms retain this radioactivity despite pro- 
longed and repeated washings with normal saline. Tubercle bacilli which are 
resistant to isoniazid do not become radioactive and continue to multiply when 
they are ineubated with C'!-labeled isoniazid. C**-labeled nicotinic acid, 
nicotinamide, and isonicotinie acid do not inhibit the multiplication of tubercle 
bacilli, nor do they render the bacilli radioactive. 

Bacilli which have been killed by exposure to formalin or by heating at 
60° ©. for thirty minutes do not become radioactive when ineubated with C™- 
abeled isoniazid. However, tubercle bacilli which have stopped growing, and 
no longer utilize oxygen after exposure to streptomycin, become radioactive 
when they are incubated with C' isoniazid. Likewise, bacilli exposed to C™ 

soniazid at 5° C. become strongly radioactive even though growth and normal 
netabolism are arrested at this temperature. 

These experiments suggest that the inhibition of growth of tubercle 
hacilli by isoniazid is associated with absorption and retention of the drug by 
he inhibited organisms. Bacilli resistant to the effects of isoniazid do not 
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absorb and fix the drug within the bacterial cell. This absorption of isoniazid 
by susceptible organisms is apparently specifie for isoniazid and does not 
occur with isonicotinie acid, nicotinie acid, or nicotinamide. Heat killed or 
formalin killed bacilli are not able to absorb and retain isoniazid but arrested 
organisms by virtue of previous exposure to streptomyein or by being main- 
tained at 5° (. are able to absorb and retain isoniazid. This suggests that 
resting organisms in vivo may be affected by exposure to isoniazid, 


7 THE RELATIONSHIP OF EXOPHTIHALMOS TO VARLATIONS OF 
THYROLD FUNCTION 


Wittarp BarrLerr, M.D.) FLALCLS. 
Str. Louis, Mo. 


In 1954, the writer reported that post-thyroidectomy increase in exoph- 
thalmos was characteristically associated with hypothyroid states, rather than 
with recurrent hyperthyroidism as then generally assumed. It was reported 
that the edema of the orbital fat and extraocular muscles was reversible by 
the administration of desiccated thyroid substance if the condition was of 
brief duration, but that it was irreversible if chronie lymphedema had been 
replaced by fibrosis of these tissues. Since 1936, serial observations with the 
Luedde Exophthalmometer have been made on all thyrotoxie patients with 
abnormal eye signs and, in recent vears, om many patients without hyper- 
thyvroidism who required thyroidectomy. These data are being analyzed and 
a summary and the conclusions to be drawn from them will be presented, to- 
gether with a summary of such other clinical and experimental data as bear 
on the behavior of the eves in disturbances of thyroid funetion., 


8. CREATINURIA IN MYOCARDIAL INFARCTION: A PRELIMINARY 
REPORT 
Il. L. Beaziey, M.D.,S. J. Grey, M.D., AaNp TluGu TIaANson, M.D. 
Houston, TEx. 


(INTRODUCED BY JAMES AA. GREENE, M.D.) 


The pattern of urinary creatine excretion has been studied in eight 
patients with acute myocardial infarctions and angina pectoris and is being 
studied in a comparable group of hospitalized “normals.” Serial twenty-four 
hour urinary exeretion has been determined for fourteen days following 
hospitalization. In the eases of acute myocardial infarction having diagnostic 
electrocardiographical changes, creatinuria increased significantly by the 
fifth post-infarction day. There was not a similar increased creatine excretion 
in the cases of angina pectoris or the control group. 

The possible value of the procedure as an adjunet in the diagnosis o!| 
acute myocardial infarction will be discussed. 


9 STUDIES ON THE POSSIBLE RELATIONSHIP OF HEMOLYSIS TO 
THE THERMOGENIC RESPONSE FOLLOWING INTRAVENOUS FAT 
GERALD HT. Becker, M.D. (By INviration), AND Morton I, Grossman. M.D. 

Cricaco, Tun. 


Previous work by Creditor has suggested that increased red cell fragilits 
whieh occurs during fat infusion may be related to the thermogenie response 
The present study has been carried out to determine (a) whether hemolysis 
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may be involved in the fever reaction following intravenous fat emulsions, and 
(b) if hemolysis, per se, is thermogenic. Bile fistulas were produced in 
rabbits by cannulating the common bile duct with a polyethylene tube which 
was brought through the abdominal wall. Following an eighteen- to twenty- 
hour postoperative period of stabilization, hourly temperatures and _ bile 
collections were made for a three-hour control period, and then fat emulsion 
(10 per cent sesame oil-—Abbott) 10 ml. per kilogram was given intravenously 
over a five-minute period. Total hourly bilirubin output was then determined 
using the method of Evelyn and Malloy, and correlated with temperature 
changes occurring in the three- to five-hour postinjection period, Since the 
gall bladder had been ligated during the surgical procedure, collection of all 
bile was assured. Although a mean maximal temperature rise of 1.4° IF. was 
observed after 15 separate injections in eight rabbits, in no instance was there 
a corresponding increase in total bilirubin output. On the contrary, in each 
observation decreases ranging from 10 per cent to 40 per cent occurred, which 
could not be accounted for by a concomitant fall in the mean hourly volume 
of bile except in two instances. The cause of this reduction is not readily 
apparent, although a decrease in hepatie blood flow would seem a more likely 
explanation than either decreased bilirubin formation or increased storage of 
bilirubin by the liver. 

Nine separate intravenous injections of sterile distilled water in four 
rabbits in doses ranging from 0.25 ml. per kilogram to 5.0 ml. per kilogram 
resulted in increases of bilirubin output from 25 per cent to 400 per cent with 
no appreciable corresponding temperature elevation. Likewise, in two rabbits 
viven phenylhydrazine intravenously, 5 mg. per kilogram, hemolysis as indi- 
cated by a fourfold increase in total bilirubin output was observed for a 
period of forty hours with no thermogenic response. 

Our studies indicate that the thermogenic reaction of this particular fat 
emulsion was not accompanied by hemolysis. Furthermore, it would appear 
from these initial observations that, under the conditions studied, osmotieally 
and chemically produced hemolysis is nonthermogenic. 


10. CHARACTERISTICS OF LEFT ATRIAL PRESSURE PULSE WAVES 
RECORDED AT THORACOTOMY FROM NORMAL HUMAN HEARTS 
AND FROM THOSE WITH MITRAL STENOSIS AND REGURGITATION 
(GEORGE N. BepELL, M.D. (By Inviration), JouNn B. Winp, M.D. (By 
INVITATION ), JOHANN L. EHRENHAFT, M.D. (By INVITATION), AND 
James W. CuLBertson, M.D. 
lowa Crry, Lowa 


Accurate characterization of left atrial pressure pulse waves is pre- 
equisite to direct hemodynamic study of mitral disease. Therefore, at 
loracotomy such waves have been recorded electronically through a catheter 
1 36 patients: 2 with normal hearts, 29 with predominant stenosis, and 5 with - 
redominant regurgitation. 

The normal pattern began with a gentle auricular contraction wave (“a”), 
arting near the peak of the electrocardiographic P wave. Superimposed on 
s downstroke, beginning about 0.04 second after the R peak, was a sharp 
id narrow mitral closure wave (‘‘e”), followed by a trough associated with 
ownward movement of the mitral valve ring during left ventricular systole. 
eginning about 0.15 second after the R peak, there followed a gentle and 
‘oad atrial filling wave (“f’’?), whieh fell to the end-diastolie pressure level 
‘ter opening the mitral valve. 




















J. Lab. & Clin. Med. 


November, 1953 





FOR CLINICAL RESEARCH 





CENTRAL SOCLETY 





782 


In predominant mitral stenosis with sinus rhythm four patterns appeared : 
(1) normal configuration at supernormal mean pressure levels; (2) same with 
interpolation of a small regurgitant wave (‘“‘r”) between “a” and “f”; (3) 
incorporation of ‘‘e’’ and ‘‘r’’ into a single larger wave; (4) fusion of ‘‘a,’’ 
“r”? and “f,” with tendency to loss of “e.” 

Patients with predominant stenosis and auricular fibrillation had patterns 
similar to (3) and (4) without “a” waves. A fifth pattern of smoothly un- 
dulating single waves was found in this group. All of these complexes seemed 
to represent combinations of the “r” and “f” waves, with closure waves being 
absent or obscured. 

Two patients with predominant regurgitation and normal rhythm showed 
a small “a” wave followed by a tall, smooth, fused “r-f wave beginning 
shortly after the R peak. Tracings from three patients with predominant 
regurgitation and auricular fibrillation resembled patterns (4) and (5) above 
but without “a” waves. 

Thus, it has been possible to categorize and describe left atrial pressure 
pulse waves from normal hearts and those with mitral disease. Efforts are 
being made to establish morphologic criteria for quantitating at thoracotomy 
the degree of regurgitation which should contraindicate manipulation of the 
mitral valve. 


ll. GLOSSOPHARYNGEAL BREATHING 


Roy H. Beunxe, M.D., ann Ratpu C. Wiumorer, M.D. 
INDIANAPOLIS, IND. 


(INTRODUCED BY KENNETH G. KOHLSTAEDT, M.D.) 


A few patients with chronic respiratory paralysis due to poliomyelitis 
develop a peculiar voluntary method of respiration, glossopharyngeal breath- 
ing or “frog breathing.” Using the mouth, cheeks, tongue, pharynx, and 
larynx they are able to force air into the lungs. After having exerted the 
maximum effort possible with the thorax and diaphragm, the patient gulps 
air with an open glottis, closing it after each gulp, trapping the air in the 
lungs. After the lung capacity is reached, usually after 6 or 7 such gulps, the 
glottis is released and passive expiration follows. 

The purpose of this study was to determine the physiologic efficiency of 
this method of breathing. It was performed upon a 25-year-old chronic 
poliomyelitis respiratory invalid. 

On a rocking bed eyeling at 20 per minute the patient had a 535 ml. tidal 
volume, and an arterial oxygen saturation range of 92.5 to 95.0 per cent. 

The average tidal volume with normal thoracie respiration was 267 ml., 
giving a 4,000 ml. minute ventilation at an average rate of 15 per minute. 
After five minutes of “normal” breathing the arterial oxygen saturation fell 
to 71.4 per cent. 

With glossopharyngeal breathing the patient had an average tidal volume 
of 780 ml.: 248 ml. with thoracie respiration and the remaining 532 ml. 
effected by 6 or 7 gulps each with an average volume of 86 ml. 

Glossopharyngeal breathing, 11 cycles per minute, contributed 5,650 ml. 
of the total 8,580 ml. minute ventilation. The range of arterial oxygen 
saturation at varying periods up to 45 minutes was 91.5 to 92.1 per cent. 

Intratracheal pressure was measured through the tracheotomy stoma 
with a water manometer. With the glottis closed, just prior to the first gulp. 
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the pressure became positive, 3.5 to 4.0 em. water. Each succeeding gulp 
raised the pressure 1.0 to 1.2 em. with an end intratracheal positive pressure 
of 10 to 12 em. of water. 

It is apparent from this study that glossopharyngeal breathing is a 
physiologically efficient voluntary type of respiration in this patient. 


12. A POSTOPERATIVE SYNDROME FOLLOWING MITRAL 
VALVULOPLASTY 


Bernarp A. Bercu, M.D. 
St. Louis, Mo. 


(INTRODUCED BY EpWarp Massig, M.D.) 


While following patients who had undergone mitral valvuloplasty it be- 
came apparent that a significant number were developing an unexpected 
complication not seen after other thoracic surgical procedures. This com- 
plication occurred in seven of 75 patients operated upon. 

Symptoms began approximately three to four weeks following operation 
with the onset of general malaise. Four patients developed fever. Two of 
these also noted arthritis and had hot, swollen joints. All developed a tachy- 
cardia. There was a marked increase in the symptoms of congestive failure 
in four patients despite strict cardiac management. Patients were treated 
with bed rest and salicylates in addition to their previous medication. Symp- 
toms gradually disappeared in a period of four to twelve weeks leaving no 
residuals. 

Clinically, this symptom complex strongly suggested the occurrence of 
rheumatie activity. This is unproved at present. All patients were treated 
with penicillin from the day of operation to the onset of symptoms, making 
the presence of an unsuspected beta hemolytic streptococcal infection un- 
likely. No evidence of rheumatic activity was present at the time of operation. 
It is coneeivable that trauma to the heart might in some way be related to the 
onset of this syndrome. Further studies are being pursued to clarify these 
problems. 

It is important to recognize this syndrome following mitral valvuloplasty 
sinee the exacerbation of symptoms suggests that the operation has produced 
further eardiae disability. However, all patients responded to symptomatic 
treatment and recovered without sequelae. These patients subsequently do 
as well as the uncomplicated cases but require more time to reach a com- 
parable state of improvement. 


13. RELATION OF ACIDOSIS TO URINARY AMMONTA EXCRETION IN 
PATIENTS RECEIVING CATION EXCHANGE RESINS 


\IAuricE M. Best, M.D., Cuarues H. Duncan, M.D. (By INviration), AND 
JoAN D. WaATHEN, B.S. (By INVITATION ) 
LOUISVILLE, Ky. 


A cation-anion exchange resin mixture was administered to 16 adult 
patients with edema of noneardiae origin. Seven patients had severe chronic 
“lomerulonephritis with a nephrotic syndrome and subnormal urea clearance 
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tests. Nine patients had cirrhosis of the liver with massive ascites and edema, 
and normal urea clearance tests. There was no nitrogen retention in either 
group. 

Urine ammonia nitrogen excretion was determined before treatment and 
on the eighth day of resin administration. In the patients with cirrhosis there 
occurred a marked inerease in urine ammonia per liter (55.1 to 172.8 meq 
ammonia N/L) and per twenty-four hours (104.9 to 258.4 meq ammonia N). 
No such inerease in urine ammonia occurred in the patients with chronic 
glomerulonephritis in whom the concentration and total excretion actually 
fell slightly during resin administration (76.7 to 61.1 meq ammonia N/L) 
(105.9 to 85.1 meq ammonia N/24 hours). 

One hundred fifty-six paired determinations of serum pH and CO, content 
were made. In general a parallel decline in serum pH and CO, content occurred 
in both groups during the administration of resin. Ilowever, the fall was greater 
in the patients with chronie glomerulonephritis (pH from 7.412 + 0.047 to 
7.321 + 0.050 and CO, content from 25.87 + 4.66 to 18.21 + 4.39) than in those 
with cirrhosis (pH trom 7.403 + 0.036 to 7.350 + 0,028 and CO, content from 
25.77 + 3.33 to 21.03 + 2.08 

The degree of acidosis developing during the administration of a eation- 
anion exchange resin appears to be inversely related to the ability of the 
kidney to increase ammonia formation and excretion. 


l4. RELATION OF CREATININE COEFFICIENT TO LEANNESS- 
FATNESS IN MAN 


Wituiam R. Best, M.D., W. James Kuut, Jr., M.D. (By INviratrion), AND 
C. FRANK CoNsoLAzio (By INVITATION ) 
CuHicaGco, IL. 


Karly studies have shown that obese, healthy individuals had lower 
creatinine coefficients (milligram creatinine excreted/24 hr./kg. body weight ) 
than did lean ones. Methods of quantitating obesity were relatively crude. 
The present data were gathered incidental to another study. One twenty-four 
hour urinary creatinine determination per week was made for nine to ten 
consecutive weeks on 78 soldiers aged 18 to 37 years during various activity, 
dietary, and climatic states. Conditions were comparable for each member of 
the group. During three of these weeks basal body weight and several body 
measurements were taken. “Per cent body fat” was calculated from three 
skinfold thicknesses according to the formulae of Brozek and Keys (Brit. J. 
Nutrition 5: 194, 1951) and Rathbun and Pace (J. Biol. Chem. 158: 667, 1945). 
We have previously noted that the ratio of height to abdominal girth reflects 
leanness-fatness (Federation Proe. 12: 178, 1953). The correlation coefficients 
here were: between “per cent body fat” and height/girth, —0.863; between 
“per cent body fat” and creatinine coefficient, —0.643; and between height 
virth and creatinine coefficient, 0.548. <All of these correlations are highly 
significant. The first correlation is significantly better than the other two, 
and the second significantly better than the third. Thus, the creatinine co- 
efficient, though a valid measure of obesity, is not as accurate as simpler 
anthropometric measures. In this series, 26.05 plus the creatinine coefficient 
times —0.782 gave an estimate of “per cent body fat” with a standard error 
of regression of 2.7 per cent. Similarly, 37.55 plus —1.410 times the height 
girth ratio gave the “per cent body fat” with a standard error of regression 
of 1.8 per cent. 
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lb. THE PULMONARY HEMODYNAMIC PATTERN IN PATIENTS WITH 
ATRIAL SEPTAL DEFECTS BEFORE AND AFTER CLOSURE 
S. GILBERT BLOUNT, JR., M.D., GOFFREDO GENSINI, M.D., AND 
Mancoum ©, McCorp, M.D. 
DENVER, COLO. 


(INTRODUCED BY MatrrHkw Briock, PH.D., M.D.) 


The development of pulmonary hypertension is the critical factor herald- 
ing the onset of deterioration in patients with atrial septal defects. Twenty 
patients evaluated by cardiac catheterization were divided into two groups 
in an attempt to investigate factors leading to the development of elevated 
pulmonary arterial pressure. Group I consisted of eleven patients with nor- 
mal pulmonary artery pressures, the mean pulmonary artery pressure averag- 
ing 15 mm. He. These patients were essentially asvmptomatic. Microscopic 
examination of lung tissue obtained by biopsy in two patients and at necropsy 
in one patient showed no abnormalities in the pulmonary vasculature. Group 
If was comprised of nine patients with pulmonary hypertension, the average 
mean pulmonary artery pressure being 45 mm. Hg. Seven patients in this 
group were symptomatic, one having progressed to a fatal termination. 
Histological studies of lung tissue obtained by biopsy in one patient showed 
medial hypertrophy of the pulmonary metarterioles. Autopsy material in the 
second patient showed marked alteration in the pulmonary vasculature. 

The average age in each of these two groups was 19 years. The average 
pulmonary blood flow in Group I was 13.6 liters/min./M.*, and in Group IT, 
9.8 liters/min./M.*. The total pulmonary artery resistance was normal in 
Group I, averaging 124 dynes/sec./em.°, and was elevated in Group II, the 
average being 352 dynes/see./em.°. Thus, no satisfactory criteria for the 
prediction of the development of pulmonary hypertension were apparent. 

Complete closure of the atrial septal defect was accomplished in three 
patients under direct vision employing hypothermia. Postoperative evalua- 
tion of these patients revealed a normal oxygen saturation of the mixed 
venous blood within the pulmonary artery and no evidence of a left to right 
shunt at the atrial level. 

The postoperative findings were particularly striking in one patient. 
The pulmonary arterial pressure decreased from 100/30 mm. Hg to 30/17 
um. He, the pulmonary flow from 8.9 liters/min./M.? to 3.0 liters, and the 
pulmonary arteriolar resistance from 253 dynes/see./em.-° to 208 dynes /see. 
nn. *, 

It would appear that not only ean pulmonary hypertension be prevented 
ut existing pulmonary hypertension can be strikingly reduced by closure of 
in atrial septal defect. 

16. AN INVESTIGATION OF THE ROLE OF THE PULMONARY 
ARTERTAL OXYGEN CONTENT IN THE GENESIS OF PULMONARY 
HYPERTENSION 
S. GItBerRT BLoUNT, JR., M.D., AND Matcoum C. McCorp, M.D. 

DENVER, COLO. 

(INTRODUCED BY GORDON MEIKLEJOHN, M.D.) 

It has been repeatedly demonstrated that hypoxia and exercise uniformly 


rroduece an increase in pulmonary artery pressure in patients with pulmonary 
vpertension. Three groups of patients with pulmonary hypertension have 
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been evaluated by various methods in an attempt to elucidate the factors 
responsible for the elevation of pulmonary artery pressure under these con- 
ditions. 

While an increase in the pulmonary blood flow with exercise may pro- 
duce a pressure rise in the presence of an altered pulmonary vasculature it 
may be demonstrated that this factor is not the sole element responsible for 
the resultant pressure elevation. Thus, a group of seven patients, with a rest- 
ing eardiae index of 2.46 liters and an average mean pulmonary artery pres- 
sure of 51 mm. Hg, revealed with exercise a significant increment in the mean 
pulmonary artery pressure to 74 mm. Hg, while the increment in cardiac 
index was insignificant, increasing to but 2.50 liters. 

A rise in pulmonary venous pressure contributes to the rise in pulmonary 
artery pressure. However, a group of nine patients revealed significant in- 
creases in their arteriolar resistance under hypoxie conditions and with exer- 
cise. This indicated contributing elements occurring at a pre “capillary” 
level and eliminated this facet as a major factor. 

The significant remaining factor is the cross sectional area of the pul- 
monary vascular bed. The rapidly fluctuating pressure levels induced by 
exercise and hypoxia suggest an alteration in the tonus of the smaller pul- 
monary arterioles. Factors influencing the caliber of these vessels were 
evaluated. The possibility of lowered oxygen tension effecting pulmonary 
arterial tonus via the medullary vasomotor centers or within the pulmonary 
alveoli was eliminated by the correlation of the pulmonary artery pressure 
elevation with the peripheral arterial oxygen saturation and the alveolar 
oxygen partial pressure. 

The effect of the oxygen content of pulmonary arterial blood on the 
smaller pulmonary arterioles was investigated. All groups of patients re- 
vealed a rise in pulmonary arterial pressure with a decrease in the oxygen 
content of the pulmonary arterial blood. It is thus suggested that a primary 
factor in the production of pulmonary hypertension is the oxygen content of 
the blood in contact with the pulmonary arterioles. 


17. THE EFFECT OF INJECTED HEPARIN ON THE 
ELECTROPHORESIS OF THE LIPOPROTEINS IN PATIENTS WITH 
HYPERCIIOLESTEROLEMIA 
Rosert E. Boutincer, M.D., Haroup J. Grapy, Px.D., anp 
Betty J. SLINKER, A.B. 

Kansas City, KAn. 

(INTRODUCED BY SLOAN .J. Winson, M.D.) 


The case material for the present report consisted of four eases of hyper- 
cholesterolemia with primary diagnoses of diabetes mellitus, familial xantho- 
matosis, lipoid nephrosis, and chronic biliary cirrhosis, and a normal control. 

Each patient was given 50 to 100 mg. of heparin intravenously and a blood 
specimen obtained before and one hour after injection. Each serum was applied 
to several layers of Whatman No. 3 filter paper strips, saturated with barbital 
buffer at pH 8.6 and ionic strength 0.1 and subjected to electrophoresis for 
twenty hours between glass plates according to the technique of Kunkel and 
Tiselius. The strips were then cut at intervals of one centimeter and extracted 
for eight hours with hot ether-aleohol and the cholesterol and phospholipid 
determined for each strip. The protein pattern was determined from the same 
sera on a separate strip treated in the same manner. 
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The total cholesterol and phospholipid concentrations were found by in- 
tegrating the values found on each small strip and the values found after 
heparin were in most every instance significantly greater than the value before 
heparin in the pathological eases, but were little changed in the control. The 
values for cholesterol and phospholipid determined from the whole serum 
showed little change or a decrease after heparin. 

Striking changes in the electrophoretic curve of the cholesterol and phos- 
pholipid after heparin included a decrease in the sharpness and height of the 
lipid peak in the beta globulin region and an inerease in the amount of the 
lipid in the alpha globulin region. These changes suggest the entrance of lipid 
into the protein bound phase from some other phase as well as a mean increase 
in the electrophoretic mobility of the lipoprotein. No significant change was 
noted in the pattern for the protein itself. 


Is. ASTUDY OF EXPERIMENTAL SHOCK PRODUCED BY 
MENINGOCOCCUS TOXIN 


Craig W. Borpen, M.D., WENbDELL H. Haut, M.D., anp 
Davin Goup, M.D. (By INviration ) 
CuicaGco, IL. 


Bacterial infection is one of the causes of shock. Past studies indicate 
that this type ot shock differs from traumatie shock in that there is no signifi- 
cant decrease in blood volume in most instances. Since it is difficult to per- 
form hemodynamie studies on direly ill patients, bacterial shock was studied 
in dogs. 

Detailed hemodynamic studies were performed on 30 dogs. Hypotension 
was produced by the intravenous administration of meningococcus toxin. 
Administration of cortisone (10 mg. per kilogram) prior to injection of toxin 
neither prevented nor accentuated the shock. The average decrease in blood 
pressure was 50 per cent and the average decrease in cardiae output was 48 
per cent. The right atrial and pulmonary arterial pressures were decreased. 
The total peripheral resistance, plasma volume, total blood volume, and hema- 
toerit readings showed no consistent changes. 

The animals in shock were very sensitive to minor changes in blood 
volume. Removal of small amounts of blood (10 ml. per kilogram) caused 
marked further decline in eardiae output and blood pressure. Administration 
of dextran, 30 ml. per kg., invariably resulted in an increase in cardiae output 
usually to above the control levels with only a moderate increase in arterial 
pressure. Following the administration of dextran, the total peripheral re- 
sistanee fell markedly. The animals in shock became relatively insensitive to 
the effect of norepinephrine on the arterial pressure, but if large doses were 
ised the blood pressure could be raised above shock levels. The rise in blood 
pressure from norepinephrine was chiefly the result of a marked inerease in 
peripheral resistance with only a small rise in ecardiae output. 

It is eoneluded that shock produced by meningocoececus toxin in dogs is 
‘he result of peripheral vasodilatation. These studies suggest that both 
‘iorepinephrine and a plasma expander are indicated in clinical therapy. The 
primary effect of norepinephrine is on the arterial pressure, whereas the 
effeet of a plasma expander is on the cardiae output. 
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19. CHANGES IN COMPOSITION OF PNEUMOPERITONEUM ALR IN 
HUMAN SUBJECTS FOLLOWING INJECTION OF AMBIENT ATR 


H. G. Boren, M.D., D. E. Jenkins, M.D., AND CLARK SILVERTHORNE, M.D. 
Houston, TEX. 
(INrRODUCED BY ©. L. Spurr, M.D.) 


This is a study of the chemical composition of pneumoperitoneum air and 
of the rate of change following injection of ambient air. Thirty-two male 
patients, 25 to 67 years of age, 29 with pulmonary tuberculosis and 5 with 
emphysema, were studied. Gas analyses were done on Il patients by the Van 
Slyke method and on 21 patients by the Haldane technique. The more 
accurate Haldane data are presented. No significant difference was noted 
between the Van Slyke and Haldane values. Average refills were 1,050 mil. 
at one week and 1,200 ml. at two weeks. Specimens one and two weeks 
following refill showed a mean composition as follows: CO., 6.08 per cent, 
gs +0.093; oxygen, 4.90 per cent, o 40.42; nitrogen, 88.95 per cent, o 4.72. The 
preinjection composition of gas was similar in the groups receiving refills at 
one and two weeks. In six patients, repeated analyses over a two-month 
period showed marked stability of composition. These values were altered 
by the addition of ambient air, but reverted at differing rates to their initial 
values. Initial pneumoperitoneum with 1,000 ml. of ambient air showed a 
significant increase in CQO. within one minute (0.31 per cent), reaching 1.88 
per cent in ten minutes, 2.96 per cent in twenty minutes, and 5.82 per cent in 
twenty-four hours. Little change in the oxygen composition was noted during 
the first twenty minutes (19.85 per cent), but significant change was found at 
twenty-four hours (6.17 per cent) and at one week (5.85 per cent). It is felt 
that the rate of change of carbon dioxide concentration is sufficient in mag- 
nitude and rapidity to be important in practical therapeusis. 


20. THE RENAL EXCRETION OF T%!:; SIMULTANEOUS 
DETERMINATIONS OF T°! AND INULIN CLEARANCES IN VARYING 
STATES OF THYROID AND RENAL FUNCTION 


NEAL S. Bricker, M.D., AND CHARLES J. IILAp, -PR., MLS. 
DENVER, COLO. 


(INTRODUCED BY JosEPH H. Hou_meEs) 


The present study represents an attempt to define the basie physiologic 
processes involved in the renal excretion of I'*! in varying states of renal and 
thyroid function. Although the rate of renal exeretion of I'*' has been 
widely investigated as an index of thyroid function, little information is 
available regarding the fundamental processes of the renal exeretion of iodide 
Previous measurements of I'*' clearance have been performed using singl 
injection techniques, and the values obtained apparently have not been cor 
rected for standard body surface area. In addition these values do not appeat 
to have been related to other renal functions. 

The clearance of I'*? (Cy'*!) has been measured simultaneously with inuli 
clearance (C;,) using standard continuous infusion techniques. <A calculate: 
dose of I'*! (tracer level) was administered intravenously in the inulin-PAT! 
priming solution, and plasma levels were maintained by the constant infusion 
of an [*!-inulin-PAH sustaining solution. Supplementary information was 
obtained from corresponding measurements of Na, K, and Cl in plasma and 
urine, 
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It was observed that Cy? was roughly proportional to Cj, in all groups 
studied despite a wide range of filtration rates; the higher Cy;'*t values 
corresponded to the higher glomerular filtration rates and the lower I?” 
clearances to the lower filtration rates. Thus the hyperthyroid cases, which 
tended to have high filtration rates, exhibited high iodide clearances, while 
the lowest ['*! and inulin clearances to date have been observed in cases ot 
myxedema and renal disease. 

| : ; C2"! P ; 
. Comparison of percentage filtered load exereted (- ) With Ci, re- 
1) (1,151 i 
nl veals a decreasing —\— with an increasing Cin. This has been tentatively 
, In 
1 interpreted as suggesting a regulatory role of the kidney with respect to 
; iodine economy. 
s Theoretical concepts of the role of the renal tubules in the excretion of 
4 inorganie iodide will be discussed in the light of the foregoing data and in 
e relationship to the renal excretion of other electrolytes. 
{ v 
- 21. RIGHT AURICULOVENTRICULAR PRESSURE GRADIENTS WITH 
1 SPECIAL REFERENCE TO TRICUSPID STENOSIS 
‘ BERNARD L. BrormMan, M.D. 
. CLEVELAND, OHIO 
: (INTRODUCED BY Haroup Frit, M.D.) 
i Pressure curves obtained via right heart catheterization permit more 
- accurate analysis of hemodynamic events when the auricular and ventricular 
curves are exactly superimposed. This can be done by a simple photographie 
inethod. In this manner the pressure changes in the two chambers can be 
correlated and instantaneous variations in the auriculoventricular pressure 
eradient measured. Normal and abnormal relationships have long since been 
elicited in dogs, using rigid cannulae (Wiggers). Clinically, in patients with 
iequired heart disease, certain characteristic patterns can be recognized: 
|) chronie constrictive pericarditis—slight elevation of ventricular systolic 
ressure, diastolic “dip,” and markedly elevated end diastolic pressure; high 
uricular pressure with abrupt dip following opening of A-V_ valve and 
lowing onset of ventricular systole; (2) right ventricular failure—elevated 
¢ ystolic and diastolic ventricular pressures, elevated auricular pressure with 
d liperimposition of A-V pressures during diastole; (3) tricuspid insufficiency- 
1 iarked rise of auricular pressure with ventricular systole (‘“ventriculariza- 
is ion” of auriele); with onset of diastole both pressures fall and then rise 
p ogether; (4) trieuspid stenosis—-high pressure gradient across A-V_ valve 
aintained throughout diastole. (In chronic constrictive pericarditis the 
: ; entricle fills suddenly and early in diastole, whereas in tricuspid stenosis, 
1 entricular filling is slow. ) 
In a 38-year-old man undergoing cardiac catheterization prior to mitral 
! ilve surgery, the typical pressure gradients of tricuspid stenosis were elicited 
( . in addition to elevated pulmonary capillary and pulmonary artery pressures). 
| 4 ‘alvulotomy of the mitral and then of the tricuspid valve was performed at 
n i ‘ie operation. (In bilateral valvulotomy the mitral valve must be operated 
Is Pg ion first.) Catheterization studies four weeks postoperatively revealed a re- 
d ; arkable reduction of the pressure gradients toward normal, associated with 


ramatie clinical improvement. (We know of no other instance in which 
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bilateral valvulotomy was performed.) In order to confirm the clinical 
studies, tricuspid stenosis was produced experimentally in open-chest dogs 
and similar hemodynamic changes were observed. 

Since tricuspid stenosis is now amenable to surgery and since approxi- 
mately 14 per cent of all patients with mitral stenosis have definite tricuspid 
stenosis, the clinical recognition of this lesion becomes important. 


22. POSSIBLE USE OF SERUM POOLS AS AN INDEX OF THE LEVEL 
OF IMMUNITY OF A METROPOLITAN POPULATION AGAINST 
INFLUENZA VIRUS 


G. O. Broun, M.D., Rost Rira Scumipr, M.S. (By Inviration), MARGARET 
LeGier, M.S. (By Inviration), DoLoRES OLIGSCHLAEGER, B.S. (By INviraTvion ), 
AND SISTER M. Do.torosa Pore, M.S. (By INvitaTion ) 

St. Louis, Mo. 


Recent development of influenza virus vaccines offering promise of long- 
lasting immunity increases the importance of measures which might serve as 
an index of resistance of individuals and the general population to these 
viruses. 

At the last meeting of this Society, we reported changes in antibody 
levels in serum pools collected weekly in St. Louis during the mild 1952 out- 
break of Type B influenza. Our observations, now covering a period of more 
than two years, show a very decided increase in antihemageglutinins against 
Type A prime influenza viruses in serum pools during and following the 
influenza epidemic of January, 1953. Therefore, we have demonstrated in 
serum pools elevations in antihemagglutinin levels following periods of ex- 
posure to specific virus types. The rise in antibodies, however, follows by 
about two weeks the clinically observed onset of the epidemie. 

Besides a number of stock strains, a Type B virus isolated by Dr. Dor- 
land Davis in the outbreak of 1952 and three strains of Type A prime virus 
isolated in our laboratories during the 1953 epidemie were studied. 

A very low antihemagglutinin titer was found against the newly iso- 
lated 1952 Type B strain in the six-month period preceding the Type B out 
break of that year. Similarly, low titers of antihemageglutinins were found 
against the newly isolated A prime strains in the pooled sera in the period 
preceding the epidemie of 1953. 

The peculiar serologic behavior of newly isolated strains undoubtedly 
enters into this finding. However, we also observed that the hemagglutinins 
of the F.S. 1-50 (Cuppet) strain of A prime virus isolated in 1950. which 
serologically is closely related to the 1953 strains, likewise was neutralized by 
the serum pools only in very low titer. This stock strain, available before the 
epidemic, showed antibody levels in the pre-epidemie serum pools comparable 
to the virus strains subsequently implicated in the epidemie. 

The possibility is suggested that serum pools collected in the summer 
and early autumn and tested against a well-diversified groun of influenza 
virus strains might serve as a guide in a community to the need of immuniza 
tion against specifie virus types. 
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23. THE MECHANICS OF VENTILATION IN PATIENTS WITH 
HEART DISEASE 


Cyrus C. Brown, M.D. (By INviration), Donaup L. Fry, M.D. (By 
INVITATION), AND RicHarp V. Esert, M.D. 
CHicaco, IL. 


An analysis of the mechanics of ventilation is essential to the understand- 
ing of the mechanism of dyspnea in patients with heart disease. The pressures 
involved in ventilation of the lung can be expressed by the formula, 


Pr = Py aE Pp a5 Py 


Py is the intrathoracic pressure, Py is the pressure resulting from the elastic 
forces of the lung, Pp is the pressure drop required to overcome the resistance 
to gas flow, and Py is the pressure required to overcome tissue friction. Py, is 
always negative. Py and Pp are negative on inspiration and positive on ex- 
piration. 

Intraesophageal pressure was used as a measure of intrathoracic pressure. 
P;, and (Pp + Py) were determined by measurement of Py» under statie and 
dynamic conditions, respectively. A pressure-volume diagram was constructed 
from measurements of Py at various levels of lung inflation. A pressure-flow 
diagram was constructed from measurements of (Pp + Py) at various levels 
of respiratory flow. 

Seventeen patients with heart disease were studied and compared with 
16 normal subjects. An alteration in the elastic properties of the lungs of 
the patients was demonstrated as an increase in the amount of pressure (P 1) 
required to produce a 100 ml. change in lung volume. The pressure-volume 
curves for normal subjects and patients with heart disease were identical 
when Py; was plotted against lung inflation expressed as per cent of vital 
capacity. 

An evaluation of the relative importance of Pp and Py was made by 
comparing pressure-flow curves obtained with the patient breathing air with 
those obtained with his breathing an argon-oxygen mixture. Py was found 
to be a negligible factor and all the resistance to movement of the lungs 
could be attributed to resistance to gas flow (Pp). Resistance to gas flow, 
Pp, was found to be increased in some of the patients. 

Thus, an alteration of the elastie properties of the lungs oceurs in heart 
‘ailure which is closely related to the reduction in vital capacity and is an 
important factor in the mechanism of exertional dyspnea. Certain patients 
with heart failure also demonstrate an increase in resistance to respiratory 
flow, 


24. SKIN TEST RESPONSES TO INSULIN AND SERUM 
ANTIHORMONAL ACTIVITY IN A CASE OF COMBINED 
INSULIN ALLERGY AND RESISTANCE 


SimukEL C. Bukantz, M.D., AND WituiAM G. Kurnapera, M.D. (By INviration) 
Sr. Louts, Mo. 


A 34-year-old male diabetic child, admitted to the St. Louis Children’s 
llospital in moderate acidosis, was considerably resistant to insulin during 
hospitalization. Coneurrently, he exhibited marked local reactions at in- 
jection sites, conjunctival reddening, and nasal congestion following in- 
jections and a blood eosinophilia of 17 per cent. 
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Direct intradermal skin tests were performed with 0.2 ml. of a number 


of insulin preparations. Crystalline insulins of beef and pork origin were 
separately tested and each yielded distinct positive skin reactions, while con- 
trol subjects yielded negative reactions. Beef muscle extract also provoked 
a positive skin reaction, while pork musele extract did not. Beeause the 
positive pork insulin and negative pork muscle reaction indicated sensitivits 
to an allergen in the insulin preparation, further identification of the allergen 
was attempted. 

Week old neutralized insulins in 1 and 10 » per milliliter strengths, pre- 
sumably free of insulin hormonal activity, nevertheless vielded positive skin 
tests. A neutral trypsin digested insulin, tree of hyperglycemic factor, 
yielded negative tests. A solution of hyperglycemic factor alone at 25 y per 
milliliter concentration vielded a positive skin test comparable to that of 
crystalline insulin. Exposure of commercial insulin to boiling water for 30 
to 180 minutes had no effect upon the skin reactive material. Treatment 
of the child during his resistant phase with trypsin digested insulin was no 
more effective than with commercial insulin in reducing blood sugar. 

Serum obtained at the height of resistance was tested for its capacity to 
prevent insulin-induced hypoglyvcemie convulsions in starved 13 to 18 gram 
mice. The mice were injected with 0.25 ml. of serum adjusted to 400 me. per 
cent glucose concentration and containing 0.072 units of insulin, and were 
then ineubated for ninety minutes at 57° ©. to observe for convulsions. 
Although some anti-insulin effeet was present in the patient’s serum, this did 
not significantly exceed that of control normal or non-resistant diabetic serum. 

The observations suggest that (1) allergy to insulin was directed against 
a contaminant rather than the hormone and resistance did not seem related 
to this contaminant, (2) the allergen in commercial insulin is heat stable, and 
(3) serum from normal as well as diabetie patients may exhibit anti-insulin 
properties in mouse convulsion tests. 


25. CLINICAL EVALUATION OF 6-MERCAPTOPURINE IN THE 
TREATMENT OF LEUKEMIA 


J. TH. BuRCHENAL, M.D., M. L. Murpnuy, M.D., R. R. E_uison, M.D., 
ID. A. KarRNorsky, M.D., M. P. Sykes, M.D... ANp T. C. TAN, M.D. 
New York, N. Y. 


(INTRODUCED BY FRANK IL. Berinenn, M.D. ) 


A new antimetabolite, 6-Mereaptopurine (6MP), has been shown to eauss 
temporary remissions in a substantial percentage of children and an ocea- 
sional adult with aeute leukemia. Although in bacteria, 6MP > presumably 
interferes with the incorporation in nucleie acid of preformed purines, thei! 
nucleosides or nucleotides, studies in animals and in man have not as yet 
revealed any reversal of toxic or therapeutic effects by such compounds. hh 
children little or no toxicity occurred at the usual therapeutic dosage of 2. 
mg. per kilogram daily orally, but prolonged treatment at this level in adult: 
or at higher levels in children occasionally caused bone marrow depressio! 
or gastrointestinal disturbances. Remissions lasting two to six month: 
occurred after three to eight weeks of therapy in both high and low coun 
leukemias, and in those resistant to cortisone and Amethopterin as well as ii 
previously untreated cases. 

Of 65 children with acute leukemia, clinical and hematologic remission 
were achieved in 26 patients, partial remissions in 11, and 28 were considere: 
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failures. Of the 40 adults, 5 aged 15, 21, 21, 35, and 52 years, respectively, 
had clinical and hematologic remissions and another 6 showed considerable 
clinical benefit with some improvement of marrow and _ peripheral blood. 
Twenty-nine were considered failures. Of the failures, however, 8 children 
and 10 adults had had only one to six days of therapy. 

Remissions were achieved in all of 8 patients in the early stages of 
chronie myeloeytic leukemia. Two of these have now been treated on 
inaintenance therapy with the drug for nine and eleven months, respectively. 
When therapy was temporarily discontinued, relapses occurred in approxi- 
mately four weeks, but further remissions were obtained with resumption of 
the drug. In one in the late stage with generalized lymphadenopathy, and in 
two in the terminal acute stage of the disease, temporary remissions were 
achieved, 

In the acute leukemias, resistance to 6MP seemed to develop somewhat 
more rapidly than to Amethopterin, but there did not appear to be cross 
resistance between 6MP and cortisone or Amethopterin. In hopes of delaying 
the development of this resistance, combinations of 6MP with various other 
chemotherapeutie agents are under study. 


26. THE EFFECT OF PROBENECID ON THE TUBERCULOSTATIC 
POTENCY OF PAS 
Davin T. Carr, M.D., AND ALFRED G. KARLSON, M.D. 
ROCHESTER, MINN. 


(INrrRopUCED By IL. W. Scuupt, M.D.) 


It has been demonstrated that probenecid alters the metabolism or excre- 
tion, or both, of para-aminosalieylie acid (PAS) so as to inerease the con- 
‘centration of free PAS in the serum. However, there have been no reports 

clinical studies comparing the antituberculosis effects of PAS alone and 
in combination with probenecid. In faet, such a clinieal study would be very 
difficult. For this reason we have studied this problem in experimental 
tuberculosis in guinea pigs. 

The effect of premedication with probenecid on the concentration of free 
AS in the serum of guinea pigs was studied first. It was found that pre- 

edication with 2 per cent probenecid in the diet significantly increased the 
centration of free PAS in the serum of guinea pigs following a single dose 
“400 meg. of sodium PAS given by intubation. 

The effect of probenecid on the antituberculosis activity of PAS was 
‘udied next. Forty-six guinea pigs were each inoculated with 0.1 mg. of 
iberele bacilli. On the twenty-first day 6 animals were killed and were found 

have typical tuberculosis lesions. The remaining 40 animals were divided 
to four groups of 10 each. One group served as untreated controls, the 
cond was given 2 per cent probenecid in the diet, the third was given 100 
*. of sodium PAS daily by intubation, and the fourth group was given both 
er cent probenecid in the diet and 100 mg. sodium PAS daily by intubation. 
ter sixty-two days of treatment the surviving animals were killed and 
amined for evidence of tuberculosis. The untreated controls and the ani- 
is given probenecid only had extensive tuberculosis. The animals which 
re given sodium PAS alone were found to have active disease but less than 
‘first two groups. Tn contrast, the animals which were given both probene- 
/ and sodium PAS had only slight evidence of tuberculosis, indicating that 
-combination was more effective than sodium PAS alone. 
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The clinical implications of this experiment are clear. It seems reasonable 
to predict that the coneurrent administration of probenecid along with PAS 
would enhance the therapeutic effect of PAS in tuberculosis or permit the 
use of a smaller dose of PAS without loss of efficacy. Unless PAS is replaced 
by other antituberculosis drugs a clinical study of this problem should be made. 


27. CARDIOVASCULAR FUNCTION IN) PATIENTS WITH 
HEALED MYOCARDIAL INFARCTION 


CARLETON B. CHAPMAN, M.D., AND RosBert S. FRASER, M.D. (By INviration ) 
MINNEAPOLIS, MINN. 


The possibility that patients with healed myocardial infarction may have a 
latent circulatory defect is an important practical point. Those who develop 
angina pectoris or cardiae failure on recovery from the acute episode must, of 
necessity, limit their activity, but those who are asymptomatic often are able 
to resume very active lives. It has often been thought, however, that the 
activity of such patients should nevertheless be limited. In order to test the 
validity of this practice, hemodynamic studies were carried out on 9 patients of 
this type and, for comparison, a group of 12 normal subjects of comparable 
age was also tested. Cardiae output and mean circulation time were de- 
termined by the dye dilution technique before and during (not after) exactly 
10 minutes on a treadmill set at 3 m.p.h. and 5 per cent grade. Intraarterial 
blood pressure recordings were also made during the same phases of the test. 
There was no statistically significant difference in the mean resting cardiac 
outputs for the 2 groups (5.71 + 1.68 liters per minute for patients and 6.26 + 
1.77 liters per minute for normal subjects). Response of cardiae output to 
exercise was also similar in both groups (10.38 + 2.70, and 10.97 + 1.57 liters 
per minute, respectively). This represents an increase in eardiae output of 
about 1.8 times the resting value in response to exercise of this type. Mean 
circulation time was within normal limits at rest in both groups and there was 
no significant difference between them in the decrease due to exercise. Finally 
the degree and sequence of changes in blood pressure during and after exercise 
failed to differentiate the normal from the abnormal. 

It is econeluded that, although the test used does not determine circulatory 
capacity, it fails to disclose evidence of circulatory disability at rest or during 
moderate exertion in the patients as compared with the normal subjects. The 
results provide no support for the old notion, now mostly disearded, that such 
patients should be forbidden to indulge in any but the most sedentary activity. 


28. PRIMARY PULMONARY ARTERIOSCLEROSIS 


Don W. CHapMANn, M.D., AND JosepH Latson, M.D. (By INviration) 
Houston, TEXAS 


Primary pulmonary arteriosclerosis is defined by Brenner as_ idiopathic 
arteriosclerosis of the pulmonary arterial tree with marked right ventricular 
hypertrophy and has been considered to be a rare disease. We wish to re- 
port nine cases studied including symptomatology, physical findings, tele- 
roentgenograms, electrocardiographie tracings, cardiae catheterization, and 
angiocardiographie observations. 

The most prevalent symptom was the early onset of progressive shortness 
of breath noted in all of the cases. In addition, hemoptysis, syneope, dizziness 
pleuritie chest pain, and terminal cyanosis were frequently encountered 
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Young, asthenic-appearing females predominated, making seven of our nine 
cases. An enlarged right ventricle to physical examination was present in all 
of them. An accentuated second pulmonie sound was uniformly heard. Pul- 
monary systolic murmurs occurred in two-thirds and pulmonary diastolic 
murmurs in one-third of the patients. Clubbing of the nails was conspicuously 
absent as was suffusion of the conjunctivae. 

Teleroentgenograms routinely revealed evidence of right ventricular 
hypertrophy and a prominent undivided pulmonary arterial segment. In some 
a pulmonary “hilar dance” was present. No evidence of left atrial hyper- 
trophy was seen. Electroecardiographie tracings showed right ventricular 
hypertrophy in seven of nine cases. 

Right heart catheterization studies revealed marked elevation of right 
ventricular and pulmonary arterial pressures and decreased eardiae output. 
Slight reduction in the arterial oxygen volume’s percentage occurred in the 
more severe ones. In two instances angiocardiographie films were taken to 
attempt to rule out pulmonary arteriovenous aneurysms but they were not 
found to be present. However, they did demonstrate the presence of a pul- 
monary infaretion. ; 

The disease was noted to be progressive, with the frequent development of 
pulmonary infarctions, serous effusions, and right-sided eardiae decompensa- 
tion. Four of this series were autopsied and all revealed marked right ven- 
tricular hypertrophy, pulmonary arterial dilatation, pulmonary arteriosclerosis 
in the small arteries and arterioles, with marked reduction in the size of the 
lumen. No evidence of systemic atherosclerosis was noted in any of them. 
Associated pulmonary infarctions were present in two. 


29. BLOOD PLASMA CONCENTRATION OF REDUCING CORTICOTDS 
IN HUMAN SUBJECTS 


CHIADAO CHEN, D.Sc. 
Cuicaaco, IL. 


(INTRODUCED BY SMITH FREEMAN, M.D., PH.D.) 


Methods thus far reported in the literature give a variety of values for the 
normal eoneentration of adrenal corticoids existing in the cireulation. The pro- 
cedures deseribed are laborious and either do not eliminate all interfering sub- 
stances or ineompletely reflect the extent to which various corticoids exist in 
the eireulation. It is believed that the present method is free of some of the 
objeetions indicated above. This procedure entails the following steps: (1) Ten 
milliliters of human plasma are extracted with methylene chloride and the 
extract is washed countercurrently with dilute sodium hydroxide and water. 
2) The residue of the washed extract is chromatogramed on a short strip of 
aper and washed free of interfering substances with hexane and methanol, 
espectively. (3) Elution from the paper strip nad color development by the 
etrazolium blue method are earried out simultaneously in a colorimeter tube. 
\ccording to this procedure the normal range for 26 adult subjeets of both 
exes was 24 to 52 ng per 100 ml. of plasma with a mean of 33.2 wg. Standard 
‘eviation, 8.27. Compound F is used as a standard. 

The “eorticoid” coneentration in the plasma varies more from person 
'o person than do repeated determinations on a given individual under eon- 
‘tant conditions. The recovery of compound F added to plasma was 85 + 5 
er cent. Duplicate determinations on the same plasma agree closely. One 
patient with a diagnosis of adrenal insufficiency had 7 »g/100 ml. plasma. 
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Two patients with pituitary insufficiency had 12 and 15 p»g/100 ml. plasma, 
respectively. ACTH infusion caused a rapid increase in the “corticoid” 
content of the circulation in normal subjects. 


30. A COMPARISON OF STEROIDAL EXCRETION AND METABOLIC 
EFFECTS INDUCED IN MAN BY STRESS AND BY ACTII 


JEROME W. Conn, M.D., Steran S. Fagans, M.D., Lawrence H. Louis, Sc.D. 
(By Invitation), Ho_BRooKE 8. SeEvTzeER, M.D. (By INviratrion), AND 
Ilenry D. Kaine, M.D. (By [Nviration ) 

ANN ARBOR, MICH. 


Extensive metabolic studies have been carried out upon four normal 
young men for the following purposes: (1) to compare the metabolic conse- 
quences of different stressor agents; (2) to determine the metabolic changes 
occurring in the same subjects when 2.5 mg. of ACTIL are infused intrave- 
nously over a twelve-hour period in the absence of stress; (3) to note the 
metabolic modifications which take place when both the stressor agent and 
ACTH are administered together; and (4) to attempt to evaluate the role 
of adrenal cortical hormone in man’s response to stress. 

ACTH alone (2.5 units) produces a sharp increase in urinary 17-hydroxy- 
corticoids and results in the well-known metabolic consequences. Stress, pro- 
duced by either of two different agents (typhoid antigen and Pyromen) activates 
the ACTH-adrenal mechanism and results in a comparable increase in urinary 
17-hydroxyeorticoids. Despite this the metabolic consequences of stress thus 
induced are entirely different from each other and depend upon the stressor 
agent employed. Further, the classical metabolic pattern produeed by ACTII 
in the absence of stress is not duplicated when the metabolie response is elicited 
by a stressor agent. 

It is suggested that the concept of the stress reaction be enlarged to inelude 
specifie responses which are dependent upon the character of the stressor agent, 
as well as the nonspecific activation of the ACTIH-adrenal mechanism which 
occurs in the presence of stress; that such specific reactions against specific 
damage constitute defense against a specific stressor; and that adrenal cortical 
hormone plays a homeokinetogenic role in that it harbors the potentiality 
for releasing variable, multitudinous, and fundamentally independent forces 
which are marshalled in response to specific injury for the purpose of returning 
the affected systems to a state of homeostasis. 

As a result of these studies Ingle’s concept of the “permissive” activity 
of adrenal cortical hormone receives further support. 

On the basis of the data a number of more specific points have been raised 
for further consideration. Among them is the possibility that the increased 
need for cortical hormone under conditions of stress is concerned more with 
the requirement of a higher concentration of the hormone in tissue fluids than 
with a process which degrades increased quantities of it. 
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Sl. THE HEMODYNAMIC, METABOLIC, AND ELECTROLYTE RE- 


SPONSES OF THLE HUMAN HYPERTENSIVE KIDNEY TO THE 
INTRAVENOUS ADMINISTRATION OF SODIUM 
PSULFAMYL BENZOATE 


CHARLES W. CRumMptTON, M.D., ArcHER P. CRosLEy, JR., M.D. (By INvitaTion ), 
AND GEORGE G. Rowe, M.D. (By INviration) 
Mapison, Wis. 


(INTRODUCED BY WILLIAM S. Mirppieron, M.D.) 


This study was performed on seven fasting hypertensive patients utilizing 
standard clearance techniques and right renal vein catheterization before and 
after the intravenous administration of 2 Gm. of Sodium p-Sulfamyl Benzoate. 

Within 15 minutes, and persisting for the 60 minutes of observation, 
following the injection of this agent statistically significant increases in the 
clearances of sodium (+160 to +2200 per cent) and Cyy/Cy ratios (+185 
to +2700 per cent) were noted in all patients. These were associated with 
significant enhancement of the urinary pH, the clearances of potassium and 
the (x/Cy ratios such, that in one patient, the latter proportion equaled 1.54. 
(‘hloride clearances and ratios showed greater variability, increasing in four, 
decreasing in two, and associated with no change in an additional patient. 

Despite these marked alterations in electrolyte excretion no significant 
changes were noted in mean arterial blood pressure, urine flow, renal hemo- 
dynamics, or renal oxygen consumption (calculated as the product of total 
renal blood flow and arteriorenal venous oxygen difference). Simultaneous 
studies of cardiac output (direct Fiek) in five patients showed changes varying 
from +24 to —37 per cent. 

These results demonstrate the ability of Sodium p-Sulfamyl Benzoate to 
enhanee the exeretions of sodium and potassium by a specifie blockade of renal 
tubular earbonie-anhydrase systems. In addition, these marked alterations, 
coupled with an unchanged renal oxygen consumption, fortify the coneept that 
renal oxygen utilization is primarily directed toward the maintenance of the 
functional integrity of the kidney and to a much lesser extent toward the per- 
formanee of external work. 


2. CARDIOVASCULAR, CEREBRAL, AND RENAL HEMODYNAMIC 
AND METABOLIC ADJUSTMENTS TO 1-ITYDRAZINOPHTHALAZINE 
IN ESSENTIAL HYPERTENSION 


CHARLES W. Crumpton, M.D., Grorae G. Rowe, M.D. (By INxviration), 
ARCHER P, Crosuey, Jr., M.D. (By INvrration), GEorRGE M. Maxwe.i, M.D. 
(By INVITATION), AND JouNn H. Husrox, M.D. (By INviration ) 
Maptson, Wis. 


Measurements of cardiae output (direct Fick), cerebral hemodynamics 
nd metabolism (nitrous oxide method), and renal hemodynamics and metab- 
lism (right renal vein catheterization) were made in twenty fasting hyper- 
ensive patients of Grades II to III severity before and thirty to sixty 
‘inutes after intravenous 1-Hydrazinophthalazine. Results are expressed in 
er cent change from control observations. 

Cardiae Output (14 patients; 0.20-0.55 mg./kg.): <A significant reduction 
| MABP occurred (27 per cent) accompanied by a decrease in total peripheral 
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resistance (41 per cent) and total pulmonary resistance (36 per cent). Cardiac 
output increased from 6.58 to 8.40 L./min. (28 per cent). Left ventricular 
work and mean pulmonary artery pressure were essentially unchanged. 

Simultaneous Cerebral Flow and Cardiae Output (6 patients; 0.20-0.25 
mg./kg.): MABP fell 29 per cent, while cardiac output and cerebral blood 
flow increased 24 per cent and 28 per cent, respectively. Total peripheral 
resistance decreased 38 per cent and cerebral vascular resistance 39 per cent. 

Renal Circulation and Metabolism (6 patients; 0.25 mg./kg.): MABP 
fell 17 per cent, renal vascular resistance was reduced 38 per cent, and renal 
blood flow increased 55 per cent. 

Oxygen consumption of the body, brain, and kidney remained unchanged 
at the time of significant increases in systemic, cerebral, and renal blood 
flow. There was a rise in oxygen content of the mixed (MPA), internal 
jugular, and renal venous blood with a corresponding decrease in oxygen 
extraction. Carbon dioxide content was reduced at the time of the second flow 
determination. 

These studies indicate that the reduction in MABP following intravenous 
1-Hydrazinophthalazine in hypertensive subjects is the result of a greater 
change in total peripheral resistance (—41 per cent) than eardiae output (+28 
per cent). Systemic, cerebral, and renal vascular resistance decreased pro- 
portionately. Changes in systemic and cerebral flow were comparable. The 
per cent inerease in renal blood flow (+55 per cent) exceeded the change in 
cerebral flow (+28 per cent) during a reduction in MABP from 145-120 mm. 
Hg and 153-109 mm. Hg, respectively. 


33. AN APPLICATION OF EPIDEMIOLOGIC PRINCIPLES TO A STUDY 
OF THE PREVENTION OF INFLUENZA BY VACCINATION 


KRED M. Davenport, M.D. (By Invitation), ALBERT V. HeNNeEssy, M.D. (By 
INVITATION), AND THOMAS FRANCIS, JR., M.D. 
ANN Arpor, MICH. 


The protective effect of influenza virus vaccines has usually been measured 
by comparing the incidence of influenza in vaccinated and unvaccinated seg- 
ments of a study group. The rate of infection in the unvaeeinated fraction 
of that population serves as an index of the immediate risk of influenza. How- 
ever, the presence of a large proportion of susceptibles in a group may per- 
mit infection to be established within that population. In these cireumstances 
the full efficiency of immunization is not utilized. Vaccination of all individuals 
in a group provides maximal protection, since the proportion of susceptible in- 
dividuals is thereby reduced to a minimum. In the present study the incidence 
of influenza in totally vaccinated and unvaccinated populations was compared. 
Sampson Air Force Base provided excellent facilities for this purpose. Re- 
eruits arriving at Sampson were assigned alternately to either of two train- 
ing units. The training units were separated geographically, and contact 
between them was minimized. All of the recruits in one unit received in. 
fluenza virus vaccine on the second or third day of processing. The other 
unit served as a control. Two experimental vaccines were employed. Each 
contained 700 CCA units of virus per ml. in saline. An outbreak of influenza 
A-prime occurred at Sampson early in January, 1953. Under the conditions of 
this study, the risk of noninfluenzal upper respiratory infection was approxi 
mately equal in both training units. The distribution of cases of influenza’ 
was proportionate among recruits housed in geographical subdivisions of eacl 
unit. Therefore, it seemed valid to attribute the difference in attack rates i! 
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these two groups to immunization. It was demonstrated that the plan of im- 
munization and the vaccines used gave a high degree of protection against in- 
fluenza. Vaccination caused an excellent rise in antibody against the strain 
of virus isolated locally during the epidemic. In addition, the study provided 
an opportunity to demonstrate the value of sampling procedures and to com- 
pare the efficiency of compliment fixation and hemagglutination-inhibition 
methods for serologic diagnosis. 


d4. COMPARISON OF SERUM PROTEIN BINDING OF 
THYROXIN AND TRITODOTHY RONINE 


WinuiaM P. Deiss, M.D., Epwin C. ALBRIGHT, M.D., AND 
FRANK C. Larson, M.D. 
Mapison, WIs. 


(INTRODUCED BY Ovip 0. MryrEk, M.D. ) 


Despite recent evidence that triiodothyronine plays an important role in 
thyroid metabolism, it is present in serum in quantities considerably less than 
thyroxin. Triiodothvronine when administered IV disappears more rapidly from 
the intravascular compartment than thyroxin. These two observations may be 
explained by the differential binding of triiodothyronine and thyroxin by serum 
proteins. 

To study the in vitro binding of triiodothyronine and thyroxin by serum 
protein fraction these amino acids were added alone and in combination to serum 
which was then subjected to paper electrophoresis. 

Radioactive thyroxin in physiologic quantities became bound to a specific 
alpha globulin (just ahead of a-2-globulin). Radioactive triiodothyronine was 
also bound by this protein but appeared to partially dissociate during the 
electrophoresis and trailed behind. In the presence of thyroxin, even in equal 
and physiologic quantities, triiodothyronine did not associate with this specific 
protein whereas triiodothyronine in quantities five times as great as thyroxin 
failed to interfere with the association of the thyroxin with a-2-globulin. 

While triiodothyronine and thyroxin appear to associate with the same 
alpha-2-globulin, the thyroxin binding appears to be stronger. Thyroxin ean 
replace triiodothyronine from this a-2-globulin. 


39. OCCURRENCE OF AURICULAR FIBRILLATION IN IMMEDIATE 
POSTOPERATIVE PERIOD FOLLOWING MITRAL VALVULOTOMY 


EK. GREY Dimonp, M.D., Everton Santos, M.D., aNd T. K. Lx, M.D. 
KANSAS City, KAN. 


(INTRODUCED BY SLOAN WILSON, M.D.) 


We have selected sixty-eight patients for mitral valvulotomy. Twenty-eight 
if these patients maintained a normal sinus rhythm prior to the operation. Of 
hese twenty-eight patients, eight began to be fibrillate within the first week 
‘ollowing the operation. Six of the eight were reconverted to normal sinus 
hythm. 

Auricular biopsies from the entire series were examined in an effort to 
orrelate the onset of the arrhythmia with pathological evidence of activity. 
Vo association was found. 
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No complications occurred as a result of the auricular fibrillation. The 
postoperative period was otherwise uneventful. Embolization was not recog- 
nized, 

A possible cause for the arrhythmia is the edema and congestion secondary 
to the rather vigorous trauma to the auricle: cross clamping, stay sutures, 
purse string sutures, and amputation. 


36. AN ATTEMPT TO ESTABLISH THE PRESENCE OF A 
HY POCHOLESTEROLEMIC FACTOR IN THE RENAL 
BLOOD OF DOGS 


KE. Grey Dimonp, M.D., Everron pes Marques Santos, M.D., WiLLiam Munpy, 
M.D., AND BARBARA CALDERWOOD, M.D. 
KANSAS City, KAN. 


(INTRODUCED BY SLOAN WILSON, M.D.) 


Previously reported work by Miyazaki indicated that in rabbits renal venous 
serum from donor animals would markedly lower the serum cholesterol level in 
recipient rabbits. His work suggested that a kidney factor affecting the 
cholesterol level might be lacking in the hypercholesterolemia of lipoid nephrosis. 

In an effort to extend this concept, we obtained renal venous blood from 
six dogs and measured the effect of this serum on the serum cholesterol of 
normal recipient animals. 

Simultaneous renal and jugular blood were withdrawn and 2 ml. of serum 
per kilogram injected into respective recipient animals. <A third animal, re- 
ceiving no serum, served as a control. Serum cholesterol determinations were 
done on each of these three animals prior to injection, and at 1, 2, 3, 4, 12, and 
24 hours. The cholesterol determinations were done by the method of Saifer, 
Abraham, and Kammerer. 

A total of six such experiments were carried out. No significant changes 
in serum cholesterol occurred. We, therefore, conelude that, utilizing this 
experimental technique, we are unable to identify the presence of a hypo- 
cholesterolemie factor in the renal serum of dogs which affects the normal serum 
cholesterol of recipient dogs. 


37. DYNAMICS OF THIRD HEART SOUND 


FE. Lowetit Dunn, M.D., AND Wn. D. ANGLE, M.D. (By Invitation) 
OMAHA, NEB. 


Using the calibrated technique for recording precordial vibrations de- 
veloped by one of us, the method was applied to a ease of ealcifie pericarditis 
with an unusually intense and diffused third sound. Following surgieal re- 
moval of extensive portions of the pericardium, further vibration studies 
showed that the third heart sound had almost entirely disappeared. An 
analysis of our collection of 75 third heart sounds in the normal and in cardiac 
disease showed that it is a consistent part of the cardiac cycle in time of oc- 
eurrence. Study of the vibration shapes of third heart sounds indicates that 
they are not due to eddies or flapping of valve leaflets, but resemble more the 
tensing of a membrane. These items are used to suggest that the third heart 
sound may be caused by the tensing of the pericardium at or near the com- 
pletion of the filling phase. 
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38. A SYNDROME ELICITED BY PROLONGED ADMINISTRATION 
OF LARGE DOSES OF HYDRALAZINE 


Harrier P, Dustan, M.D. (By Inxviration), Ropert D, TayLor, M.D., 
A. C. Corcoran, M.D., AND IRVINE H. Pace, M.D. 
CLEVELAND, OHIO 


Hydralazine in large doses (600 to 800 mg. daily) has been used over a 
long period (fifteen to thirty months) because of its sustained ameliorative 
effect in hypertensive disease. The major untoward sequel is a syndrome 
which appeared in 13 of 139 patients under treatment for at least three months. 
This, in its milder form, resembles early rheumatoid arthritis and, in its severe 
form, acute systemic lupus erythematosus. 

The initial symptoms in the 13 patients were arthralgias in fingers and 
wrists, less commonly in other joints. Fusiform periarticular swelling of inter- 
phalangeal joints simulated rheumatoid arthritis in 8 patients in whom the 
symptoms progressed no further. These showed increased erythrocyte sedi- 
mentation rate, serum polysaccharide, alpha and gamma globulin, and de- 
creased serum albumin; one was febrile, anemic, and leucopenic. The symp- 
toms abated when hydralazine was discontinued. 

ive of the 13 patients, either because their arthralgias were less severe, 
or their fortitude greater, continued to take the drug after the onset of 
arthralgia. These developed the severe form with fever (101 to 104° F.), 
prostration and anemia; 3 had polyserositis with abdominal and chest pain; 
one developed a severe erythematous reaction to ultraviolet irradiation and 
cutaneous changes resembling acute systemie lupus erythematosus; one had 
a diffuse, nonspecific “rheumatic” pneumonia. The serum albumin concentra- 
tion was greatly decreased in all and the alpha and gamma globulin fractions 
increased. One patient developed a positive plasma L. E. test and another had 
L. E. cells in his bone marrow. 

Withdrawal of hydralazine was followed by remission of the severe form 
in 1; the symptoms abated in another while treatment was continued. The 
patient with a primary pneumonic manifestation recovered after withdrawal 
of hydralazine and during administration of isonicotonie acid hydrazide. The 
latter was ineffective in 2 patients; these required vigorous corticosteroid 
therapy and 1 required maintenance steroidal treatment four months after 
withdrawal of hydralazine. Three of 8 patients with the milder and 2 with 
the severe form of the illness have continued hydralazine in doses of 150 to 300 
mg. daily, taking aspirin for recurrent mild arthralgia. 

The course of this hydralazine-induced illness differs from that of a 
typical drug hypersensitivity. The academic interest les in its simulation of 
acute systemic lupus erythematosus. 


{9. THE INCIDENCE OF ARTERIOSCLEROSIS IN THE INTRAMURAL 
AS COMPARED TO EXTRAMURAL CORONARY ARTERIES 


JosepH C. Epwarps, M.D., CHARLES BurRNsipEs, M.D. (By INvitation), 
Ricwarp L. Swarm, M.D. (By [nviration), aNp A. I. LANstne, Px.D. 
(By INvivraTIon ) 

Sr. Louts, Mo. 

In order to determine how frequently coronary arteries are covered during 
part or all of their course by myocardium (intramural), 276 hearts were 
)tained from consecutive autopsies (the St. Louis City and the Barnes Hos- 
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pitals) and examined. The stimulus for this study came from a report by 
Geiringer (Geiringer, E.: The Relation of the Mural Coronary Artery to 
Arteriosclerosis, Am. Heart J. 41: 359, 1951) that: (1) intramural segments 
of the left anterior descending branch of the left coronary artery had been 
found by macroscopic examination in 23 and by microscopic examination in 
22 of 100 hearts; and (2) that atheromata occur only rarely in these mural 
stretches. He coneluded that one of every five anterior descending coronary 
arteries m the human runs all or part of its course in the myocardium, and 
postulated that the myocardium protected these portions from developing 
atheromata. 

Among the 276 human hearts in our series, only 15 instances of intra- 
mural coronary arteries were observed. All of these had one intramural 
portion with atheromata and narrowing of the lumen. Two were in the left 
circumflex branches and both were occluded by thrombi, one just proximal 
to its transition from extramural to intramural and the other in the intramural 
portion. Eleven of the remaining instances were found in the left anterior 
descending branches; only one involved the right coronary artery. Approxi- 
mately one out of every twenty-four human hearts (5.4 per cent), therefore, 
had an intramural coronary for some portion of its proximal or mideourse. 

Examinations of the arteries were made grossly, microscopically, and 
after microincineration. Severe, grade 4 involvement of the intramural seg- 
ments (atheromata, fragmented or disintegrated elastie lumina, hyperplasia 
of intima, or with severe calcification) was present in eight of the specimens. 
Grade 2 atherosclerosis with intimal thickening occurred in six of the re- 
mainder. Only one intramural coronary artery had little or no degenerative 
change. In these observations there was no evidence to support the concept 
that covering of a coronary artery by heart muscle during all or part of its 
main course protects the artery from degenerative abnormalities. 


40. THE COMPARATIVE EFFICACY OF VARIOUS 
MERCURIAL DIURETICS 


Raupeu V. Forp, M.D. (By Inviration), CHARLES L. Spurr, M.D.. 
AND JOHN H. Moyer, M.D. 
Ilouston, TEX. 


Twelve male patients with mild to severe congestive heart failure have 
been studied to (1) illustrate an approach for the evaluation of diuretic 
agents using controlled metabolic techniques and (2) compare the relative 
diuretic efficacy of Mereuhydrin, Thiomerin, Neohydrin, and SU 1775 (Ciba) 
when administered parenterally, as well as Neohydrin administered orally. 

The patients were studied on the Metabolic Ward with a constant sodium, 
water, and ealorie intake. An effort was made to wait until the patient was 
returned to an identical weight before the various diuretic agents were ad- 
ministered. The data suggest that, when this study was ideal in these respects. 
the changes in water, sodium, chloride, and potassium exeretion, as well as 
weight, were more statistically significant. 

The organie mereury thiol diuretic, SU 1775 (Ciba), was the most potent 
diuretie agent studied and was entirely free from local pain or other untoward 
effects which could be attributed to the drug per se. Four different dosages of 
SU 1775 were used (equivalent to 20, 40, 80, and 160 mg. of mereury). Three 
dosages of the other four agents were used (20, 40, and 80 mg. of mereury 
equivalents). At the 40 mg. of mercury equivalent dosage, the average per- 
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centage increase in sodium exeretion was 368 for SU 1775, 277 for Neo- 
hydrin parenterally, 214 for Mereuhydrin, 191 for Thiomerin, and 109 for 
Neohydrin orally. The slope of the dosage response curve was greatest for 
SU 1775. 

The use of controlled metabolic conditions to insure constant weight 
(and salt and water load) is suggested in evaluating diuretic agents. 


41. THE EFFECT OF EXERCISE ON THE BLOOD PRESSURE 
AND PULSE RATE IN NORMAL SUBJECTS 


RoBert S. FRASER, M.D. (By INvITATION), AND CARLETON B. CHAPMAN, M.I). 
MINNEAPOLIS, MINN. 


The effect of exercise on the blood pressure in normal human beings is 
still a subject of considerable controversy, partly because indirect sphygmo- 
manometry yields inaccurate results during and immediately after exercise. 
In an effort to identify accurately the changes that take place under these 
conditions direct intra-arterial recording of blood pressure before, during, and 
after a fixed load of exercise was carried out in 19 young men (aged 18 to 39 
years), 11 young women (aged 22 to 30 years), and 11 older men (aged 40 to 
o7 years). The recording system was mechanically damped so that a_ flat 
frequency response to 19 eyeles per second was obtained. A motor driven 
treadmill, operating at 3 m.p.h. and set at 5 per cent grade, was used for the 
exercise. Measurements were made before the beginning, and after exactly 
ten minutes of exercise, but without stopping the treadmill. Continuous 
records were made during the first minute of recovery and for the first twenty 
seconds of the sueceeding five minutes thereafter. 

It was found that during exercise the systolie pressure rises significantly, 
the diastolic falls, and the mean remains approximately unchanged. In the 
first few seconds after stopping exercise, the systolic pressure fell precipitously 
in the male subjects but decreased more gradually in the women. In the older 
men, there was a significant “rebound” rise in the interval ten to forty seconds 
after cessation of exercise. The phenomenon involved all 3 pressure items. 
In all 3 groups, at the beginning of the sixth minute of recovery, the systolie 
pressure was close to or less than the resting value; the diastolic had exceeded 
the resting value and the mean was about the same as during rest. 

The increase in pulse rate during exercise was similar in magnitude in all 
5 groups. Pulse rates had not returned to resting values by the sixth minute 
ol recovery. 

If, as has been suggested, the response of the blood pressure to exercise 
is to be used for various diagnostic purposes, attention must be paid to differ- 
ences in response that are probably attributable to age and sex factors rather 
than to disease. 


42. THE EFFECT OF THORACO-CERVICAL VAGECTOMY ON 
CARDIOVASCULAR RESPONSE TO EXERCISE 


Ropert S. Fraser, M.D. (By INviTATION), AND CARLETON B. CHAPMAN, M.D. 
MINNEAPOLIS, MINN. 


Cardiae rate in the human being is thought to be regulated by interaction 
of vagal and sympathetic impulses, the former presumably being dominant. 
Physiologie studies on a patient in whom about three-fourths of the vagal 
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pathways to the heart were surgically abolished are of interest in this connec- 
tion. There was an immediate and permanent increase in resting pulse rate 
from about 74 beats per minute preoperatively to 120 afterward. Atropine 
caused no increase in postoperative rate. Resting cardiae output (dye dilu- 
tion method) was normal four months after surgery. Response of cardiac 
output to a standard treadmill load was also normal, the increase being about 
1.9 times. In normal subjects working at the same rate the increase is 1.7 
to 1.9 times. The patient’s increase in pulse rate during exercise, however, was 
significantly less than normal. The response of blood pressure to exercise was 
the same as that observed in the normal group. 

It is concluded that absence of most, or all, of normal vagal pathways to 
the heart modifies, but does not abolish, the ability of the cardiovascular system 
to respond effectively to moderate exercise. The possibility that nonvagal in- 
fluences may, under these circumstances, come into play is raised. 


45. A NEW PHARMACOLOGIC PROPERTY OF QUINIDINE: 
PROTEIN ANABOLIC EFFECT 


Robert H. Furman, M.D. (By Ixviration), R. PALMER Howarp, M.D. 
(By INviration), AND Epwarp C, REIFENSTEIN, JR., M.D. 
OKLAHOMA CITY, OKLA. 


The many biologie and therapeutic properties of quinidine and its levo 
isomer quinine are said to differ only quantitatively. Stereoisomerism about the 
secondary aleohol linkage between the quinoline and quinolidine rings does 
not alter plasmocidal activity significantly. However, qualitative distinction 
based on the isomerism of these two drugs may explain the observation that 
idiosynerasy to quinine often extends to other levorotary cinchona alkaloids, 
but rarely to the dextrorotary compounds. As another qualitative difference 
between these two substances, therefore, it is of considerable interest to report 
our observation that quinidine sulfate, when administered by mouth, has a 
protein anabolie effeet which is not shared by quinine sulfate when admin- 
istered in the same manner. 

A 67-year-old woman with nutritional and postmenopausal osteoporosis 
was placed on a metabolic balance regimen to evaluate the effects of long- 
acting testosterone esters. During the course of her study, spontaneous 
auricular fibrillation developed, and was treated successfully with quinidine 
sulfate. Subsequently, analysis of the balance data indicated that quinidine 
had induced a definite protein anabolic effect. The response to quinidine 
sulfate was studied a second time in this patient when she was not under the 
influence of a testosterone preparation, was in nitrogen equilibrium, and had 
no eardiae arrhythmia. The same dosage schedule was employed as previously. 
There was a prompt decrease in urinary nitrogen excretion and a gain in body 
weight. The phosphorus balance data showed a similar pattern. <A repeat 
study with quinine sulfate in the same dosage revealed no significant anabolic 
effect. 

The discovery of this unexpected quinidine sulfate effect may be im- 
portant because: (a) it may augment our knowledge of the cardiovascular 
effects of quinidine, (b) it reveals a protein-anabolie action of an organic sub- 
stance which differs chemically from compounds with known protein-anabolic 
activity and which may lead to other new agents with this activity, and (c) it 
may increase our understanding of the process of protein anabolism. 
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44. SERUM PROTEIN FRACTIONS IN RHEUMATOID ARTHRITIS 


O. H. Garsuer, M.D., Pu.D. (By Inviration), AND Dwicutr C, Ensign, M.D. 
Detroit, Micu. 


In an initial group including one ease of rheumatoid spondylitis, one of 
acute rheumatie fever, and six of rheumatoid arthritis, fibrinogen was de- 
termined by the method of Wu and serum proteins by the sodium sulfate trae- 
tionation procedure of Milne (J. Biol. Chem. 169: 595, 1947). These methods 
are useful for detecting the frequent increase in fibrinogen and decrease in 
albumin. For a more extensive study of the serum protein pattern, its pos- 
sible relationship to the stage of rheumatoid arthritis, and its response to 
treatment, filter paper electrophoresis was employed. The apparatus of Koiw, 
Wallenius, and Grénwall (Seandinav. J. Clin. & Lab. Investigation 4: 47, 1952) 
was used, and the technique was similar to that described by these authors. 
However, the bromphenol blue bound by each serum protein fraction was 
eluted in one lot with 5 per cent sodium carbonate in 50 per cent methanol 
and determined spectrophotometrically. Reproducibility of the technique 
as well as the range of normal variation were determined by carrying out a 
large number of analyses on sera of 12 normal subjects and analyzing the 
data statistically to provide a basis for evaluating results in patients. 

Detailed data are presented on normals and on 23 patients with rheu- 
matoid arthritis in various stages of the disease. Of these patients, four 
showed normal protein partition and normal total protein; one had normal 
partition but low total protein; one showed slight elevation of beta globulin; 
seven had elevated figures for alpha-2 globulin; three demonstrated gamma 
globulin elevation; four showed elevation of gamma, beta, and alpha-2 
globulins; two had elevation of alpha-2 and beta globulins; and one showed 
elevation of alpha-2 and gamma globulins. This series so far is too small to 
attempt any correlation between the various fractionation patterns and the 
stage or activity of the disease. 

Three patients with rheumatoid arthritis had determinations repeated in 
the course of therapy, and showed a tendeney to return toward normal parti- 
tion patterns as clinical improvement occurred, 


45. THE EFFECTIVENESS OF WATER AND OIL-SOLUBLE VITAMIN 
K PREPARATIONS IN CORRECTING HYPOPROTHROMBINEMIA 


JoHn R. Gamsie, M.D. (By Invitation), Epwarp W. Dennis, M.D. (By 
INVITATION), WILLIAM W. Coon, M.D. (By Invitation), Paut Hopeson, M.D. 
(By Inviration), Jack A. MaCris, M.D. (By Invitation), PARK W. WILLIs, 
III, M.D. (By Invitation), AND Ivan F. Durr, M.D. 

ANN ArBor, MICH. 


Oil-soluble vitamin K, (Mephyton) is an effective antagonist to the hypo- 
rothrombinemie effect of oral anticoagulants (both coumarin and indandione 
derivatives). Vitamin K, appears to be equally effective by the oral or in- 
ravenous route. Cessation of hemorrhage and safe prothrombin levels (40 
er cent of normal concentration or more) were achieved in 40 of 44 trials 
vithin twenty hours. A single oral dose of vitamin K, varying from 5 to 25 
“. was effective in 15 of 17 trials. In 20 of 22 trials 50 mg. or less of in- 
avenous K, produced satisfactory response in twenty hours or less. There 

















S06 CENTRAL SOCIETY FOR CLINICAL RESEARCH j.1 . in. rsry 
vember, 1953 


were four instances in which single dosages of this magnitude by either route 
of administration proved ineffective. Untoward complications to excessive 
dosages of vitamin K, have not occurred; minimal vet effective dosages of Ky, 
are desirable to avoid refractoriness, should use of oral anticoagulants be de- 
sirable later. In contrast to K, the water-soluble preparation of vitamin Kx 
(menadione bisulfite, Hykinone), is not consistently reliable as an antidote 
to the oral anticoagulants. With a dosage of 40 to 144 me. of Hykinone safe 
prothrombin levels were attained in only 11 of 26 trials in twenty-four hours, 
with three more responding at the end of forty-eight hours. 

Response to vitamin K cannot be predicted with certainty when hypopro- 
thrombinemia is secondary to severe hepatic disease. Under these cireum- 
stances, an intravenous dose of 50 me. of vitamin K, repeated three times in 
one week is recommended. There may be a gradual but progressive rise of 
the prothrombin to a final level which often falls short of the normal value. 
In correction of hypoprothrombinenia due to absorptive difficulties, 5 mg. of 
K, and 72 mg. of Hykinone have been observed to produce normal prothrombin 
levels in as little as four hours after intravenous injection. 


46. CLINICAL AND LABORATORY EXPERIENCES WITH COMBINED 
PENICILEIN-DIITY DROSTREPTOMYCIN TITERAPY FOR 
SUBACUTE STREPTOCOCCAL ENDOCARDITIS 


JosepH E. Geract, M.D., AND WILLIAM J. Martin, M.D. 
ROCHESTER, MINN. 


(INTRODUCED BY THOMAS J. Dry, M.B.) 


During the past thirty-three months, 44 patients having streptococeal 
endocarditis have been treated. Penicillin-sensitive streptococei caused the endo- 
earditis in 28 patients; the remaining 16 patients had enterococeal infections. 
The organisms of the first group were of the Viridans-Salivary group. Twenty- 
six strains were sensitive to 0.1 unit or less of penicillin; 2 others were inhibited 
by 0.2 and 0.5 units. Short-term therapy (two weeks) was employed for these 
patients utilizing 2,000,000 units of aqueous procaine penicillin G and 2 Gm, of 
dihydrostreptomycin daily, given in two equally divided doses every twelve 
hours. Twenty-three (82 per cent) of the patients have been cured of their in- 
fection for two months to twenty-eight months. No treatment failures or re- 
lapses have occurred in the living patients. The 5 deaths (18 per cent) resulted 
from congestive failure (3), cerebral embolism (1) and coronary embolism 
with myocardial infarction (1). 

Bactericidal tests employing the patients’ own serum and infecting organ- 
isms were performed in the last 5 treated patients. In each instance the anti- 
biotic combination gave greater bactericidal effect than with penicillin alone. 

The 16 enterococeal infections were caused by organisms resistant to 1 
or more units of penicillin. Twelve patients are living (75 per cent) and 4 
are dead (25 per cent). The deaths resulted from cerebral hemorrhage (2) 
and congestive failure (2). In 14 patients, combined therapy was given. In 
11 of the 12 living patients, 6,000,000 to 50,000,000 units of aqueous crystalline 
penicillin was given by continuous intravenous drip for three to ten weeks 
Dihydrostreptomycin sulfate, 2 Gm. per day, for two to five weeks, then 
Gm. per day for the remainder of the period of treatment, was given. In thi 
additional living patient combined therapy was given for ten days and the 
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penicillin alone (7,200,000 units per day) for sixty more days, when bac- 
tericidal tests indicated no greater killing effect with added streptomycin. 
Of the 12 living patients, relapses occurred in 5; all 5 patients were retreated 
successfully. 

Combined antibiotic therapy for streptococcal endocarditis, results of bae- 
tericidal tests performed and antibiotic synergism will be discussed. 


47. MECHANICAL HEART BLOOD PRESSURE PATTERNS WHICH 
PERMIT DIRECT VISUALIZATION OF THE MITRAL 
VALVE IN THE LIVING HEART 


Roper A. Geriscu, M.D., fF. Dewey Dopritit, M.D., Epwarp Hin, M.D., 
AND ARAN S. JOHNSON, M.D. 
Derrroir, Micu. 


(INTRODUCED BY WARREN B. Cooksey, M.D. ) 


The normal arterial pressure pattern is due chiefly to ventricular ejection. 
Were it not for the energy imparted by the ventricles to the fluid vascular com- 
partment, the “blood” pressure in the arteries would soon be dissipated. There- 
fore, by analyzing blood pressure patterns we learn more about the amount of 
work which the ventricles in the living animal are doing. Even though the 
blood pressure is affected by other factors, such as blood viscosity, peripheral 
resistance, blood vessel distensibility, ete., the primary source of energy is 
derived from the ventricles. Just as the arteries have pressure patterns 
characteristic of arteries, so do the ventricles exhibit their own characteristic 
pattern, as does any mechanical pump. 

Our studies have been concerned with the temporary substitution of a 
mechanical pump to do the work of (1) the “right” heart, (2) the “left” heart, 
and (3) both right and left sides of the heart, so that the part of the heart 
which is bypassed can be opened for direct vision surgery. 

By recording simultaneously the mechanical heart pump pressure pattern, 
the aortic pressure pattern, and the electrocardiogram, one can see when the 
aortic pressure pattern is completely replaced by the “mechanical heart” 
pressure pattern. When only the “mechanical heart” pressure pattern is seen 
in the aorta, then no blood is being ejected from the left ventricle, and the 
heart can be opened for mitral valve examination without hemorrhage. 

The right ventricle has been substituted for in valvular pulmonary 
stenosis, and the left ventricle has been substituted for in mitral stenosis. 


48. CORTISONE IN THE TREATMENT OF MYOCARDIAL 
INFARCTS: A PRELIMINARY REPORT 


Ropert A. GeRIScH, M.D., AND ARAN S. JOHNSON, M.D. 
Detroit, Micn. 


(INTRODUCED BY WARREN B. Cooksey, M.D.) 


A series of experiments were undertaken to determine the effect of 
‘ortisone on the degree of residual fibrosis following the experimental produe- 
tion of myocardial infarcts in dogs. 

The procedure was to ligate the anterior descending branch of the left 
coronary artery, using some of the animals for controls and treating the re- 
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mainder with cortisone. The treatment schedule for the various groups was 
as follows: (1) beginning immediately as the coronary artery was ligated 
and continuing daily for varying numbers of days, (2) delaying treatment 
for one to three days, (3) treatment prior to ligation without treatment follow- 
ing ligation. 

Gross and microscopic examination, along with x-ray injection studies of 
the coronary vascular bed were made. Electrocardiograms were taken before, 
during, and alter ligation of the coronary artery. 

Studies indicated that in the treated animal there was a decrease in the 
immediate mortality rate; a decrease in the area of residual fibrosis of the 
infarcted area; and an increase in the vascularity of the heart as compared 
to the control animals. 

With these findings a clinical program was set up to evaluate cortisone in 
the treatment of myocardial infaretion in man and is being carried out. 


49. POSSIBLE EFFECT OF GAMMA GLOBULIN PROPILYLAXIS 
ON SUSCEPTIBILITY TO REINFECTION 


Harotp 8S. GinsBerG, M.D., I. Gray Tittorson, M.D. (By Invitation ), 
GEORGE F’, Bapcer, M.D. (By Inviration), WILLIAM S. JORDAN, JR., M.D., 
AND JOHN H. DINGLE, M.D. 

CLEVELAND, OHIO 


Widespread use of gamma globulin to prevent or modify measles, in- 
fectious hepatitis, and poliomyelitis stimulates one to question the effect this 
measure might exert upon the immunity which results from these diseases. 
Measles confers solid lasting immunity and second attacks of this disease are 
extremely rare. Therefore, to determine whether infection attenuated by 
gamma globulin results in an immune state as effective as that which follows 
the natural diseases, it was only necessary to observe the presence or absence 
of second attacks of measles in a population in which modified measles was 
commonly seen. To obtain data on this problem cases of measles which oec- 
eurred in a selected population of 85 families were studied. During the period 
of 1948-52, 84 cases of measles occurred among a total of 408 persons. Of these 
illnesses, 35 were attenuated by gamma globulin. In this group of 35 eases of 
modified measles, 2 episodes of second attacks were observed; an attack rate 
of 5.7 per cent. In addition, 2 other cases of measles were observed in this 
population group who had had authenticated measles modified by gamma 
globulin two and four years prior to their second attacks and before their 
entrance to the family study. Moreover, at least 6 cases of measles occurred 
in persons in whom this disease previously had been prevented clinically by 
gamma globulin. These data strongly suggest that attenuation by gamma 
globulin reduces the production of antibodies to the etiologic agent and there- 
fore diminishes the degree of immunity usually conferred by the infectious 
process. 
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50. NONSPECIFIC PROTECTIVE EFFECT IN REPEATED PULMONARY 
INFECTIONS CAUSED BY GROUP A HEMOLYTIC STREPTOCOCCI 


Ropert J. GLASER, M.D., B. NaNcy VorGer, B.S. (By INviTation ), 
AND Barbara B. Pescu (By LNvITATION ) 
Sr. Lours, Mo. 


In the course of developing methods employed in the study of certain 
effects of repeated streptococcal infections, rats were infected with a Group 
A strain and treated for seven days with procaine penicillin. One week after 
completion of therapy reinfection was attempted. The inoculum was intro- 
duced into the lung opposite that originally infected, and a serologically un- 
related Group A strain was employed. Rats were sacrificed eighteen to 
twenty-four hours after the second infection was induced; impression smears 
were made from cut sections of the more recently infected lung. In sueh 
preparations, the infectious process appeared remarkably controlled when com- 
pared with sections taken from animals infected for the first time. 

As a result of these unexpected observations, further studies were carried 
out to determine whether the mortality rate for rats, previously infected with 
streptococci and treated with penicillin, was indeed less than that for normal 
controls. In three such experiments 9 of 10, 4 of 12, and 19 of 21 reinfected 
animals survived, whereas respectively 2 of 7, 0 of 9, and 4 of 18 controls 
recovered. In other experiments, previously uninfected animals given identi- 
eal courses of penicillin and infected seven days after completion of therapy 
exhibited mortality rates comparable to those of untreated normal rats. Like- 
wise, animals inoculated with sterile gastric mucin and treated with penicillin 
were not protected against a subsequent streptococcal infection. 

Additional studies along similar ‘ines indicate that the protective effect 
observed in the experiments outlined is not solid, and can be obscured if the 
challenging infection is fulminating. Nevertheless, the results suggest that 
there is, under carefully controlled. conditions, some degree of protection 
engendered by an initial streptococcal pulmonary infection against a sub- 
sequent one. Whether this phenomenon represents some measure of group 
specific immunity is at best speculative, especially since a large body of data 
supports the concept that immunity to Group A streptococeal infection is 
exclusively type-specific. Further investigations to evaluate this question are 
being pursued. 


ol. ACETATE METABOLISM OF BLOOD CHOLESTEROL SYNTHESIS 


R. Gorpon Gou.p, Pu.D. (By INviration), GEORGE Okita, PH.D. (By 
INVITATION), Patricia KEEGAN (By INVITATION), AND 
GrorGce V. LeRoy, M.D. 

CuicaGo, IL. 


A series of seven patients at the Argonne Cancer Research Hospital with 
imited life expectancies have been studied subsequent to the oral administra- 
tion of 100 microeurie doses of C'™ carboxyl-labeled acetate. The rates of 
ppearance of C'* in the free cholesterol of plasma and red cells, and in the 
osterified fraction of blood cholesterol were measured. Total amounts of C™ 
‘n blood, urine, and expiratory CO, were also followed for several days, and 

ie results will be presented. The specific activity (i.e., relative concentration 
' ©™ in total cholesterol carbon) of the free and esterified plasma fractions 
ached a peak approximately three hours after acetate administration. The 
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specific activity of red-cell cholesterol approached that of plasma-free, and 
was usually slightly higher at the end of twenty-four hours; that of the 
plasma esterified fraction rose more slowly, but became essentially equal to 
that of plasma-free by forty-eight hours. After this time, the specific 
activities of all three fractions remained close together and, during the follow- 
ing eighteen days, decreased at rates in general agreement with a turnover 
time of about twelve days, as previously reported for serum cholesterol by 
London and Rittenbureg. 

These results are very similar to those previously obtained in several 
animal species, except that the time taken to reach the peak value for plasma- 
free cholesterol was shorter in dogs, but considerably longer in’ rabbits. 
Serial liver biopsy studies in dogs have shown that the liver-free cholesterol 
reached a peak specific activity value sooner than the plasma-free, and that 
the two rapidly approached the same value. It can be reasonably assumed 
that this takes place in human beings also. In all species, newly synthesized 
cholesterol appears in plasma much faster than it subsequently disappears, 
and its appearance must be due to a rapid rate of interchange of unesterified 
cholesterol molecules between liver and plasma. It is postulated that this is 
an important part of the mechanism of plasma-cholesterol homeostasis, 1.e., 
changes in the plasma-cholesterol level rapidly result in changes in liver con- 
centration which in turn affect the rate of hepatie cholesterol synthesis. 


22. THE RESPONSE OF HYPERTENSIVE PATIENTS TO INTRAVENOUS 
14(BIS 14-BENZODIOXAN-2-YL METHYL) PIPERAZINE 
(MeN-ISL, DIBOZANE) 


C. G. GuNN, JR., M.D. 
KANSAS City, KAN, 
(INTRODUCED BY SLOAN J. WILSON, M.D.) 


MeN-I81, pharmacologically a potent adrenergic blocking agent, was 
given intravenously to 35 patients with hypertensive diseases of varying types 
and severity. 

A dose-to-tolerance method of administration was used. Eleetrocardio- 
graphic and occasional ballistocardiographic tracings were taken. The side 
effects were: light-headedness, drowsiness, nausea, vomiting, vertigo and 
nystagmus, singultus, confusion, inereased irritability, preconvulsive clonie 
movements, paresthesias, dry mouth, perspiration, flatus, lacrimation, and 
palpitations. Weakness was a common manifestation. 

Two patients with recent cerebral injury showed first a depression of the 
central nervous system. This was followed by a rise in blood pressure and 
then a preconvulsive state which subsided upon discontinuation of the in- 
fusion. This has been observed clinically in hypertensive patients with 
epilepsy and suggests mechanisms similar to those seen by van Harreveld in 
Leio’s spreading-cortieal-depression. This phenomenon precedes convulsive 
discharges in their animal experiments. 
The blood pressure in the other 33 patients was lowered minimally to 
markedly with from 14 to 150 mg. of MeN-181. One patient, suspected of 
pheochromocytoma, had a precipitous fall with the smallest dose. Although 
the heart rate was generally variable, a moderate decrease in rate was noted 
when the diastolic fell below 80 mm. The orthostatie response was seen in 
54 per cent of patients. One patient developed sinus arrhythmia and brady- 
cardia; another displayed a nodal rhythm. Occasional ventricular premature 
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contractions were precipitated in two other patients. Electrocardiographic 
strain patterns and abnormal BCG patterns were seen to revert to normal. 
In all cases the side effects produced were transient. 

MeN-IS1 is capable of lowering the blood pressure in most hypertensive 
patients while producing moderately severe side effects. The responses to its 
isomers and to the oral compound in chronie trials are currently being studied, 


93. OBSERVATIONS ON THE COMPARATIVE EFFICACY OF 
ERYTHROMYCIN AND PENICILLIN IN STREPTOCOCCAL 
INFECTIONS 


Tuomas H. Hateut, M.D. 
GREAT LAKES, ILL. 


(INTRODUCED BY CLAYTON G. Loosui, M.D.) 


The recently discovered antibiotic, erythromycin, has been shown in pre- 
liminary ¢linical trials to have definite ameliorating effects on the course of 
many acute infectious diseases, including streptococcal infections. —Sub- 
stantial data have not as yet been accumulated on the comparative value of 
erythromycin versus penicillin therapy for acute streptococcal diseases. An 
opportunity was available at the Great Lakes, Illinois, and Bainbridge, Mary- 
land, U. S. Naval Training Centers during the past winter to study a group of 
322 patients with these diseases. 

Naval personnel, mainly recruits, who were admitted to the hospital or to 
the regimental infirmary with a presumptive streptococcal infection were 
entered, in strict rotation, into one of three treatment regimens: erythromyein, 
procaine penicillin, or placebo. Varying dosages and durations of therapy 
with erythromycin were studied as well. Each patient was followed closely 
with daily ¢linical examinations and complete laboratory observations, in- 
cluding serology for streptococeal and influenzal antibodies. 

From the information so collected, it then became feasible to compare 
the three therapeutic regimens on the basis of strictly objective criteria—the 
duration of fever, the duration of leukocytosis, the duration of positive cul- 
tures for beta hemolytie streptococci, the duration of the rash in searlet fever, 
and the total duration of the illness. It was possible to obtain data on the 
ability of erythromycin to eradicate the streptococcus from the throat by com- 
paring the results obtained with the various dosage schedules employed. 

Briefly, the results appear to indicate that optimal dosages of erythro- 
iyvein given orally and without regard to meals are fully as effective as 
aqueous procaine penicillin given intramuscularly for the same period of 
time, regardless of the eriteria selected for comparison. It was also evident 
that suboptimal dosages or abbreviated durations of therapy resulted in 
failure of the drug to eradicate the streptococcus, as similarly shown pre- 
viously with penicillin. Fewer reactions to antibiotic therapy were observed 
in the erythromycin-treated group. The inclusion of an untreated control 
croup of patients allowed for statistically significant comparisons to be made 
on all criteria. 
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o4. LIVER LESIONS FOLLOWING THE INTRAVENOUS 
ADMINISTRATION OF POLYVINYL PYRROLIDONE (P.Y.P.) 


Davip L. Hamivron, M.D. (By INvrration), Epwarp A. Gaui, M.D., LEON 
Scuirr, M.D., Wm. A. ALTEMEIER, M.D. (By [Nviration ), JEROME GIUSEFFI, 
Jr., M.D. (By Inviration ), Davin G. FREIMAN, M.D., (By INvitation ), 

AND HERBERT BRAUNSTEIN, M.D. (By INviITATION ) 

CINCINNATI, OHIO 


Twenty-two patients free of disease of the liver, kidneys, or blood-forming 
organs were given an intravenous imiusion of 1,000 ml. of normal saline con- 
taining 3.0 or 4.0 per cent of the plasma substitute polyvinyl pyrrolidone. 
Laboratory studies including liver and kidney function tests and needle 
biopsy of the liver were periormed prior to the infusion and at varying in- 
tervals afterward during a period of sixteen months. 

Histologic studies of the liver revealed the appearance of basophilie 
globular deposits ranging up to 00 microns in diameter which lay within 
Kupffer cells or free in the sinusoids and were occasionally accompanied by 
a mild inflammatory exudate. The deposit rarely appeared in the liver 
earlier than three months after the infusion but was encountered almost uni- 
formly in specimens obtained after an interval of six months. Histochemical 
studies lend weight to the belief that the material deposited represents storage 
of PVP. 

The liver function tests have remained normal with some exceptions, and 
there has been no detectable enlargement of the liver or spleen during the 
period of this study. 

The histologic findings have indicated that PVP in tissue is relatively 
inert at least for short periods of time. Prolonged storage, however, and the 
minor inflammatory and fibroblastic reactions noted in several cases emphasize 
the need for continued study. 


55. ALTERATIONS IN SERUM GLOBULINS, CHOLESTEROL, AND 
LIPOPROTEINS AS RELATED TO DIABETIC RETINITIS 
Rosert C. Harpy, M.D., Roperr L. Jackson, M.D., Juurus E. Cook, M.D. (By 
INVITATION), THEODORE L. JOHNSTON, M.D. (By INviration), Josern I. 
Routnu, Pu.D. (By INvrration), AND HELEN G. KELLY, MLS. 
(By INVITATION ) 
lowa Crry, Iowa 


This study concerns the relationship between the levels of serum globu- 
lins, cholesterol, and lipoproteins and the development of retinitis in diabetes 
mellitus. Data were obtained from ninety-five patients who had developed 
diabetes mellitus before the age of 15 years and whose disease had been 
established for at least ten years. The duration of the disease was longer 
than fifteen years in 53 per cent and exceeded twenty years in 29 per cent. 

Each patient’s retinae were examined by the ophthalmologist of the re- 
search team who had no knowledge of other clinical findings or of the patient’s 
diabetic history. His observations were recorded on a numerical seale extend- 
ing from zero, designating normal retinae, through nine, indicating prolifera- 
tive retinopathy. On the same day blood samples were collected for analysis 
In each ease the level of total plasma protein was determined and fractionation 
was done by electrophoresis in the Tiselius apparatus. Values for alpha-2 
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and beta globulin were recorded in percentage of total protein. In ninety-one 
cases the serum content of cholesterol and in forty-eight cases the content 
of lipoprotein of the S¢ 12-20 molecular class were ascertained. (Lipoprotein 
determinations were done by Drs. Lauffer and Henig, University ot Pitts- 
burgh. ) 

Forty patients had retinitis evidenced by the presence of capillary 
aneurysm or more serious degeneration. Secattergrams were constructed by 
plotting the values for alpha-2 globulin, beta globulin, cholesterol, and lipo- 
protein (S-¢ 12-20) against the degree of retinitis. Analysis of these data 
shows no correlation between the presence of retinitis and the level of alpha-2 
globulin in the plasma. In the instance of S_¢ 12-20 lipoprotein some correla- 
tion is found, but this is significant only at the 5 per cent level of confidence. 
Similar analysis of the relation between the degree of retinitis and the cho- 
lesterol level or the plasma content of beta globulin reveals a much better 
correlation, both being significant beyond the 1 per cent level. Of the two, 
the correlation for beta globulin is slightly better. 


06. LATENT VIRAL INFECTIONS OF CELLS: AN EXPERIMENTAL 
APPROACH 


J. DoNALD ILARg, M.S. (By INvitation), AND HerBert R. MorGan, M.D. 
RocuHeEster, N. Y. 


The ability of a number of viruses to remain dormant in host tissues for 
long periods without causing a manifest disease state is well recognized, as in 
the latent infections or carrier states seen in human infections with herpes 
and psittacosis viruses, which permit survival of virus in a population for 
long periods and also may account for the recrudescence of herpes simplex 
infections in man or psittacosis in birds. The nature of this alteration of 
host-parasite balance which results in recurrent disease is poorly understood. 

An experimental approach to the problem of virus latency is presented 
here, using psittacosis virus. The growth of this virus was studied in cultures 
of tissues which, when maintained in a nutritionally deficient medium alone, 
lost their ability to support the growth of virus. The addition of beef embryo 
extract (BEE) to these cells restored this ability. 

The enhancement of virus multiplication by BEE took place not only in 
cultures infected early, but also in cultures made deficient prior to infection. 
in the latter case, virus could remain in tissues for up to five days with no 
inultiplication and still be induced to propagate. 

It has been possible to show that the factors present in BEE responsible 
or this action are dialyzable and that the action does not depend entirely on 

new population of cells. A chemically defined medium will duplicate the 
ction of BEE. The implications of this study with referenee to viral in- 
ections are discussed. 


97. ELECTRON MICROSCOPY OF EARLY CYTOPLASMIC CHANGES 
DUE TO INFLUENZA VIRUS 
Cart G. Harrorp, M.D., «Np Atice HAMLIN (By INVITATION) 


Sr. Louts, Mo. 


In order to study mechanisms by which respiratory epithelia become 
susceptible to bacterial infection, earlier observations were made of the effect 
influenza virus on the bronchial epithelium of the mouse, and it was found 
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that ciliated cells persist in spite of severe infection. As a by-product, it was 
also found that cytoplasmic inclusion bodies are present in cells of the 
bronchial epithelium, and this finding was considered significant because in- 
clusion bodies have not been widely recognized in the lesions due to influenza 
viruses. In the present work, advantage was taken of recently developed 
methods for electron microscopic visualization of cellular details in thin tissue 
sections. After fixation in buffered osmium tetroxide, the tissues were em- 
bedded in plastic, and sections were cut with glass knives at a thickness of 
approximately 0.05 micron. Study of the normal epithelium by this method 
showed that the internal fibers of cilia could be seen and sometimes counted. 
Microvilli were found on the surfaces of ciliated cells close to the cilia but 
easily distinguished from them. Mitochondria in these cells are filamentous 
but their cross sections appeared in these preparations as round or ovoid 
forms. Ergastoplasm (also called endoplasmic reticulum) was scanty in 
ciliated cells but abundant in nonciliated cells where it appeared as minute 
vesicular structures. In cells infected with influenza virus, the evtoplasmic 
inclusion bodies could be recognized easily, and they were found to contain 
many dense bodies having a size estimated to correspond with the known 
particle size of influenza virus. In ciliated cells of infeeted lungs, many 
curved linear structures were found. 

The observations support the concept that these eytoplasmic inclusions 
consist at least partly of colony-like aggregations of virus. It seems likely 
also that the curved linear structures are abnormal forms of ergastoplasm 
caused by viral infection, Filamentous forms of influenza virus do not appear 
to be present in our preparations and these findings agree with the idea that 
influenza virus grows within the cytoplasm rather than on the surfaces of 
cells. 


d8. DISSECTION OF THE VECTORCARDIOGRAM (DIFFERENTIAL 
VECTORCARDIOGRAPHY ) 
H. K. HeLLERsSTEIN, M.D., DENMAN SHaw, PH.D. (By INviration), AND 
ToyamMo Sano, M.D. (By INvitraTion ) 
CLEVELAND, OHIO 


Vectorcardiograms obtained with the cathode ray oscilloscope in general 
have not been satisfactory because of photographie difficulties in distinguish- 
ing the individual characteristics of the component loops. Because the heart- 
beat is a repetitive cycle, the CR beam returns to the isoelectric point (origin 
of the vector loop) for a large part of the heart cycle, producing fogging in 
this area. In view of the importance of obtaining separated components of 
the vectoreardiogram, the authors have developed ‘‘an electrical dissector’’ 
(selective blanker or unblanker) which can be used with commercially avail- 
able accessories: CRO, preamplifiers, ordinary camera, and a single channe! 
direct writer electrocardiograph. Isolation of any part of the VCG loop is 
possible and a simultaneous record of the dissected portion is clearly marked 
on the direct writing electrocardiogram. 

Unlike the original apparatus of Briller, Marchand, and Kossmann whieh 
was specially designed to be used with special CRO, camera, and three 
channel direct recorder, our apparatus can be used with commercially avail 
able accessories. In addition we use the QRS spike as the trip voltage, allow 
ing for a better signal-to-noise ratio than does the use of the P wave (Brille: 
et al.). 
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Dissected vectorcardiograms have been obtained on several hundred 
patients with representative heart disease. Examples of such records will be 
presented, illustrating the intimate details of the origin and termination of 
the P, QRS, and ST-T loops. 


D9. BLOOD VOLUME, METHOD 


RayMOND H. HkLLUMANN, M.D. (By Invitation), Roperr E. Mack, M.D. (By 
INvitATION ), E. Lek SHRApER, M.D., AND JEANNE Butrzen, B.S. (By LNviration ) 
Sr. Louis, Mo. 


When total blood volumes determined by cell tagging methods are com- 
pared with those determined by plasma labelling methods, the results by the 
latter are higher. The explanation is that the hematocrit of venous blood, 
used in these determinations, is higher than the average body hematocrit. 
Venous blood with its greater number of cells contains a falsely larger number 
of tagged cells and a falsely diminished amount of tagged plasma. <Accord- 
ingly, the results of the red cell methods of estimating total circulating blood 
volume are too low and of the plasma methods too high. However, venous 
blood samples coupled with venous blood hematocrits can be used in ealeulat- 
ing true red cell volume with tagged cells, since in this instance the measure- 
ment is of the dilution of tagged cells within the circulating red cell mass. 
True plasma volume can be determined by using a plasma tagging substance 
and venous blood, since this measures the dilution of tagged plasma within the 
circulating plasma mass. The sum of the true red cell and plasma volumes is 
the true total circulating blood volume. 

The separate, but simultaneous determination of red cell and plasma 
volumes is cumbersome and does not permit serial determinations. From a 
true plasma volume and an average body hematocrit, both a true red cell 
volume and total cireulating blood volume ean be calculated. The purpose 
of this paper is to show that the hematocrit of free-flowing finger blood 
approximates the average body hematocrit. 

In 25 eases total blood volume was determined simultaneously with P** 
tagged cells and ['*! iodinated human serum albumin. From this data true 
red eell, plasma, and total circulating blood volumes were calculated. Total 
blood volume by the tagged cell method averaged 5 per cent lower and by the 
tagged plasma method 3 per cent higher than true blood volume. The finger 
hematoerit more closely approximated average body hematocrit than did 
venous hematoerit. Blood volume ealeulated by using true plasma volume 
and finger hematocrit averaged within 1.24 per cent of true blood volume. 
This procedure may easily be repeated serially for clinical studies. 

The procedure and the significance of the findings will be discussed. 


60. THE EFFECT OF RENAL FUNCTION UPON THE 
ELECTROCARDIOGRAPHIC RESPONSE TO ALKALOSIS 


‘ames J. Hines, M.D. (By Inviration), AND Siro FREEMAN, M.D., PH.D. 
Cuicaco, ILL. 


Data presented by Darrow has demonstrated a shift of potassium from 
uscle cells and its excretion in the urine during an alkalosis. Several in- 
-estigators have shown that infusion of sodium bicarbonate into animals 
esults in hypokalemia and the electrocardiographie changes characteristic of 
otassium deficiency. However, existing data do not clarify the extent to 
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Which these changes are dependent upon renal mechatisins or whether 
potassium may also migrate out of the cell in the absenee of its renal exere 
tion. 

In the present study the effeet of soditun bicarbonate infusion was com- 
pared in normal and nephrectomized or ureteral ligated dogs. ILypokalemia 
and the characteristic electrocardiographie changes occurred in three normal 
adult dogs under Nembutal injected with 0.9 Gm. of NallCO, per kilogram in 
thirty minutes. Infusion of similar amounts of sodium bicarbonate into four 
dogs following nephrectomy or ureteral ligation produced no_ significant 
changes in the concentration of serum potassium and calcium. However, 
striking changes in the electrocardiographie pattern became apparent within 
thirty minutes after completion of alkali infusion, characterized by a marked 
elevation of the T waves and shortening of the Q-T interval. These electro- 
cardiographie changes, resembling those seen in hyperkalemia, persisted 
throughout the six to eight hour period of observation. Injection of 15 meg. of 
caleium per kilogram intravenously into one animal failed to alter the electro- 
cardiographie changes deseribed above. 

The foregoing observations indicate that the reduced potassium content 
of plasma and tissues in alkalosis is secondary to the increased renal excretion 
of potassium. Furthermore, the electrocardiographic changes associated with 
an alkalosis may not correlate with the concentration of serum electrolytes if 
there is a suppression of renal function. It may be presumed that the alkalosis 
has caused some change in the cells involved. 


61. METABOLIC CHANGES IN HYPOTHERMIA 
J. il. Iloumes, M.D., A. V. Monrcomery, PH.D. (By INviratrion), IRVIN 
ZKAVIN, M.D. (By INvirarion), A. E. PREVEDEL, M.D. (By INviration ), 
ND Henry Swan, I], M.D. (By [xvirarion ) 
DENVER, COLO. 


Some investigators in cardiac surgery are utilizing hypothermia to per- 
mit longer periods of complete circulatory arrest; however, the high incidence 
of ventricular fibrillation has been discouraging. The present investigation of 
metabolic changes in the hypothermie dog was initiated to determine whether 
these changes contributed appreciably to the increased irritability of the myo- 
cardium during hypothermia. This was suggested by the observation that 
with hypoventilation the mortality due to ventricular fibrillation was 50 per 
cent, whereas with hyperventilation sufficient to maintain a blood pH above 
7.6 the mortality was only 10 per cent. In hypothermia we have observed a 
fall in plasma potassium, phosphate, and glucose, no change in sodium, and a 
slight increase in chloride. The plasma volume (T-1824) generally decreased, 
the plasma protein either increased minimally or did not change, and there 
was a marked increase in the hematocrit. There was no change in the eal 
culated extracellular volume, and the loss of total fluids averaged 5 per cent 
and appeared to be a funetion of the respiration. The potassium drop to 
about 75 per cent of normal occurred immediately after inducing hypothermia 
and remained at that level until warming. The blood glucose and plasma 
phosphate fell more gradually, and the maximum change varied in proportion 
to the fall in body temperature down to 25° C. The decrease in glucose and 
potassium could not be accounted for by loss in the urine. These changes 
have been studied to determine the influence of the following variables eithe: 
alone or in combination; namely, hyperventilation, hypoventilation, cooling 
to 25° or 20° (., or complete circulatory arrest. In addition, the effects 0! 
administration of cortisone, high and low protein feeding, and exelusion 6 
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the liver from the general circulation on phosphate, glucose, and potassium 
have been studied. Similar observations have been made in seven human 
subjects and the results will be compared with those obtained in dogs. 


62. THE URINARY EXCRETION OF URACIL IN PERSONS WITH 
CHRONTO MYELOID LEUKEMEA 


DaNieL Li. LlorriGan, M.D. 
CLEVELAND, OHIO 


(INrrROpUCED BY Water IL, PRrrcuarp, M.D. ) 


Isolation and identification of substances present in the urine of persons 
with leukemia and not of normal subjects might lead to a better understand- 
ing of possible metabolic abnormalities associated with the abnormal cell 
evrowth and maturation in the leukemic organism. Studies with anion ex- 
change column and paper chromatography of urine from two patients with 
chronieé myeloid leukemia maintained on an animal protein free diet demon- 
strate the presence of a substance not found in normal urine under similar 
dietary conditions. This substance has been tentatively identified as uracil 
because of (1) similarity of ultraviolet spectrum, (2) similar chromatographic 
properties, both by anion exchange column and paper techniques, and (3) 
support of growth for a uracil-requiring veast mutant (Saccharomyces cere 
vise). 

The metabolism of uracil, and other pyrimidines, in man is not known, 
However, previous studies by others indicate that pyrimidines are completely 
metabolized by mammals with excretion of their nitrogen as urea. Urinary 
exeretion of the pyrimidine uracil by patients with chronic myeloid leukemia 
seemed inconsistent with this observation; therefore, the metabolism of uracil 
in the normal subject was investigated using chromatographic techniques. 
After feeding 10 Gm. of the pyrimidine to a normal person, three ultraviolet 
absorbing substances appeared in the urine. The first had spectral and 
chromatographie properties identical with uracil. The second was similar to 
uracil in its spectral and paper chromatographie properties, but differed in 
its activity on the anion exchange column. The third substance was excreted 
in small amounts, and from its spectral characteristics is thought to have been 
uracil conjugated at the 1- (3-) ring position with an as vet unidentified 
substance. This study would indicate that between 10 per cent and 20 per 
cent of the pyrimidine ring was recovered spectrophotometrically in’ the 
irine of the normal subjeet during three days after feeding 10 Gm. of uracil. 

Uracil is a pyrimidine found in ribonucleie acid and not in desoxyribo- 
nucleie aeid. Therefore, the urinary exeretion of uracil, and not other pyrim- 
dines, in persons with chronie myeloid leukemia suggests an association of 
bnormal ribonucleic acid metabolism with this disease. 


65. DIURNAL RHYTHM OF THE SERUM TRON LEVEL: EFFECT OF 
DIET AND OF ENVIRONMENTAL TEMPERATURE 
Ropert B. Hlowarp, M.D., Pu.D. 
MINNEAPOLIS, MINN. 
(INTRODUCED BY C. J. Watson, M.D.) 


Numerous investigators have reported that the serum iron level varies 
iroughout the day in a regular fashion, the higher values oceurring in the 
orning and low values in the evening. 
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The results of this study showed that in subjects following their usual 
eating habits, i.e., three meals per day, this type of rhythm was noted. How- 
ever, in subjects ingesting four iso-ealorie, equally spaced meals, peak serum 
iron values occurred regularly in the afternoon or evening and low values in 
the morning. In other words, the diurnal curve was displaced so that the 
peak occurred six to eight hours later in the group on the four-meal regime 
than in those taking three meals at the usual times. The reasons for the dis- 
placement of this curve are not clear; various possibilities are discussed. 

Maintenance of a constant temperature environment apparently did not 
influence the diurnal curve for serum iron values. 


64. ORAL PHENYLBUTAZONE IN GOUT 


KE. R. HurrMan, M.D. (By Invitation), C. J. Smytru, M.D., GeorGe M. WILSON, 
Jr., M.D. (By Invitation), Roperr Hitt, Pu.D., (By INviration ) 
DENVER, COLO. 


Oral phenylbutazone has been used in dosages of 100 or 200 mg. every 
four hours in 18 attacks of acute gout occurring in 15 patients. Most of the 
attacks were aborted in eight hours; one stopped in one and one-half hours and 
the longest in twelve hours. Subsidence of all joint discomfort occurred in 
twenty-four to forty-eight hours. No post therapy recurrences occurred. 
Phenylbutazone is an effective therapeutic agent in acute gouty arthritis. The 
abortion of the acute attack occurred before there was any demonstrable 
change in the serum or urine uric acid. 

The uricosurie effect of oral phenylbutazone in dosages of 600, 800 and 
1200 me. per twenty-four hours on the serum urie acid and twenty-four hours 
urine urie acid excretion has been studied in 10 gouty and 6 nongouty arthrities. 
Phenylbutazone blood levels are available in 11 of the patients. A step-wise 
fall of serum urie acid to normal level occurred in all but two of the gout 
patients; one went into congestive failure and the other received a dosage of 
600 mg. per day. The serum uric acid fell an average of 4.1 mg. per cent by 
the eighth day. There were no apparent differences between the groups who 
received 800 and 1,200 mg. of phenylbutazone per twenty-four hours. <A lag 
of two or three days occurred before there was any appreciable fall in the 
serum uric acid. The exeretion of uric acid was increased in all instances, 
except the patient with congestive heart failure. The increase was in a step- 
wise fashion and usually reached a maximum between the second and sixth 
day of therapy. The average increase of uric acid exeretion per day in the 
gouty arthritics was 243.5 mg., and in the nongouty arthrities 177 mg. 

The six nongouty arthritics behaved similar to the gout patients except 
that the average fall in urie acid was less; being 2.9 mg. on 800 to 1,200 mg. 
and 1.7 mg. on 600 mg. dosages of phenylbutazone. 

Average phenylbutazone blood levels for dosages of 600, 800 and 1,200 
mg. per twenty-four hours were 14.7 mg. per cent, 15.4 mg. per cent, and 
20.4 mg. per cent, respectively. 
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65. AN ATTEMPT TO DETERMINE THE CRITICAL LEVEL OF BLOOD 
PRESSURE NECESSARY TO MAINTAIN GLOMERULAR FILTRATION 
RATE IN PATIENTS WITH HYPERTENSION BY THE USE OF 
GANGLIONIC BLOCKING AGENTS FOR REDUCING 
BLOOD PRESSURE 
WARREN [lUGHES, M.D., Roperr McConn, M.D., aNnp Epwarp DENNIS, M.1. 
Houston, TEXAS 
(INTRODUCED BY JOHN HI. Moyer, M.D.) 


With the widespread clinical use of therapeutic agents in the treatment 
of hypertension, it is desirable to determine a general range of blood pressure 
reduction to be used clinically which will maintain glomerular filtration rate 
and avoid impairment of renal function in patients with and without impaired 
renal function. Patients with hypertension were studied from the standpoint 
of glomerular filtration rate as related to mean blood pressure reduction when 
a ganglionic blocking agent (Pendiomide) was used intravenously. Glomeru- 
lar filtration rate was determined by inulin clearance, and mean blood pressure 
was determined by intraarterial manometry. The mean blood pressure was 
lowered in a progressive manner approximately 20 mm. Hg at a time until 
maximum reduction was obtained for one hour or more. At each level the 
glomerular filtration rate was determined. Studies showed an initial reduction 
(average) in glomerular filtration rate which again increased after renal 
hemodynamic stabilization. When the mean blood pressure was reduced 
maximally for one hour or more, the average mean blood pressure showed a 38 
per cent reduction. This represented an average mean blood pressure of 
approximately 100 mm. Hg, which is well within the normotensive range. At 
this point the average glomerular filtration rate was reduced about 35 per cent. 
It is concluded that in patients with hypertension, when the blood pressure 
is reduced there is a decrease of glomerular filtration rate initially as well as 
after a period of hemodynamie stabilization, which occurs within normotensive 
levels. There did not appear to be a consistent and predictable blood pres- 
sure level at which alterations in the glomerular filtration rates occurred. 


66. THE BEEFFECT OF PEPPER AND DEPEPPERINIZED CONDIMENT 
UPON GASTRIC ACIDITY IN MAN 
SAMUEL Hyman, M.D. (By INviration), AND FREDERICK STEIGMANN, M.D. 
CHicaco, IL. 


Reports concerning the effect upon the gastrointestinal tract and par- 
ticularly upon gastrie acidity of commonly used condiments are sparse. 
References found in textbooks of gastroenterology, physiology, and phar- 
mnacology are few and equivoeal, while in the current literature the problem 
is little discussed. 

From the few reported observations the impression is gained that only a 
ew condiments, e.g., paprika, pepper, mustard, and cinnamon, have an irrita- 
‘ive effect on the gastric mucosa. Regarding the gastric secretory changes, 
nly paprika seemed to increase the free acidity while mustard, if anything, 
‘ecreased it. Nevertheless it was shown that the administration of spices to 
‘logs receiving histamine in beeswax abetted the ineidence of uleeration in 
ihem. 

The above findings would suggest the advisability of withholding spices 
rom the diet of patients with gastrointestinal disturbances, and, in fact, this 
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has been done customarily for many years. Many patients, however, dislike 
their dietary regimen without condiments, partly because of the lack of taste. 
Pepper in particular has been missed by some patients. 

In view of the fact that the data on the effect of pepper on gastrie acidity 
are meager, We are presenting the results of preliminary observations on the 
gastric acidity in ulcer patients who received 5 grams of pepper on one day 
and o Gm. of “depepperized” substance on the next day. 

Fasting patients were intubated with a Levine tube. The gastric con- 
tents were completely aspirated and the amount, free and total acidity 
determined, At intervals of ten minutes, aspirations were continued until 4 
specimens were obtained. Then the pepper or the depepperized substance 
was administered through the Levine tube and aspirations were continued for 
another hour at ten-minute intervals. 

Results.—The observations to date have shown no rise in the free or total 
acidity in these patients following either substance. The curves seem to run 
fairly closely parallel. The findings thus far would support those who  pre- 
viously were unable to find any definite relationship between gastrie acidity 
and pepper intake. 


67. CARDIOPULMONARY EVALUATION DURING GRADED EXERCISE 
OF NORMALS AND PATIENTS WITH HEART AND LUNG DISEASE 
S. R. INKLey, M.D. (By Ixvirarion), H. K. HeLLERSTErN, M.D., aNpb 
T. W. Morr, M.D. (By Ixviration ) 
CLEVELAND, OHIO 


Sixty-five subjects ranging in age from 26 to 79 years were studied 
during graded exercise on a treadmill. The majority of the patients were 
cardiacs referred trom the Cleveland Work Classification Clinic. Ballisto- 
cardiograms, resting electrocardiograms, vital eapacity, and maximum breath- 
ing capacity were performed before exercise. During control, exercise, and 
recovery periods, bipolar chest lead electrocardiograms, respiratory efficiency, 
ventilatory equivalent, oxygen consumption, and respiratory rate were re- 
corded. The exercise period consisted of walking at 1.7 miles per hour on a 
10 per cent slope for ten minutes, or less if symptoms developed. 

The normal response to this exercise was characterized by an increase of 
respiratory efficiency, decrease of ventilatory equivalent, respiratory rate less 
than 22 per minute, heart rate not exceeding 125 during exercise, lowering of 
the T wave, and an oxygen debt of less than 10 per cent. Fitness index 
(Bruce) was determined for all subjects. 

Oxygen consumption during exercise varied with body weight within 
expected variations due to difference in muscular effidency. Oxygen trans- 
port correlated with FI, and in all cases of FT below 10, oxygen transport was 
less than 6. There was good correlation between low FI and pulse in excess 
of 125 during exercise. Maximum breathing capacity and vital capacity were 
not related to FI in this series. The resting ballistoeardiogram was related 
to performance in that 63.6 per cent of subjects with abnormal FT had ab- 
normal ballistocardiograms. However, 44 per cent with abnormal ballisto- 
eardiograms had normal fitness indices. . 

The purpose of the study has been twofold: (1) to correlate fitness in 
everyday life with measured fitness on the treadmill and (2) to determine, if 
possible, means of dissecting heart from lung disease during periods of stress. 
We have noted exceptions to the correlation between the fitness index and 
everyday fitness. In such cases the requirements of everyday life and gainful 
ocelipation are less than those of the treadmill test. Although severe disease 
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of either the heart or lungs may be manifested by specific functional changes 
during exercise, it is often impossible to differentiate between the two with 
current techniques, 


68. THE EEFECT OF ACTH ON ACUTE GLOMERULONEPHRITIS 


Lioyp T. Isert, M.D., AND Ivan J. MaAber, M.D. (By [Nvitation ) 
Derrorr, Micu. 


Kleven cases of acute giomerulonephritis, one case of subacute glo- 
merulonephritis with persistent hematuria, and one case of chronic glomerulo- 
nephritis with acute exacerbation were followed by serial Addis counts of 
twelve-hour urine specimens. In addition, total eosinophile count and erythro- 
cyte sedimentation rate were measured serially. Serial specific renal function 
tests were done in ten cases. Eight of these cases improved spontaneously 
within four weeks and this was associated with a precipitous drop in the 24- 
hour urinary excretion of red blood cells. Five cases showed persistent 
hematuria of 0.6 to 2.8 billion red blood cells per day for four weeks or 
onger. These five patients were treated with moderate doses of intramuscular 
ACTH, beginning with 60 to 80 units per day and decreasing to maintenance 
doses of 5 to 40 units per day. For all five cases there occurred a sharp fall 
in hematuria and a significant increase in TMpay. The renal plasma flow in- 
creased significantly in four eases and the glomerular filtration rate increased 
significantly in three. Recurrences of hematuria occurred in four cases and 
were correlated with a rise in the total eosinophile count, indicating inade- 
quate ACTH therapy. 

These studies indicate that ACTH in moderate dose may be of definite 
value in the treatment of acute glomerulonephritis with persistent hematuria ; 
however, ACTH cannot be recommended as routine treatment because of the 
spontaneous improvement which occurs in the majority of patients. 


69. THE ARTERIAL CIRCULATION IN A PATIENT WITH COMPLETE 
HEART BLOCK 


Cart A. JOHNSON, M.). 
CHicaco, Inn. 


The stroke output and minute output of the heart in patients with com- 
plete heart block has been investigated by Alt, Walker, and Smith, and by 
Kllis and Weiss, and has been found to be within the normal range. 

The present report deals with the measurement of the arterial circulation 
on five different occasions above the right elbow in a patient with complete 
heart block, probably on an arteriosclerotie basis. This study was made by 
neans of a ealibrated recording oscillometer with which it was possible to 
‘alibrate the amplitude of the recorded pulse wave in cubie centimeters. 
With this instrument, it is possible to record graphically the systolic and 
liastolie blood pressures as well as the arterial circulation at any chosen 
site. In this patient, the beat volume was uniformly increased, and the minute 
olume uniformly decreased above the right elbow. In five different studies, 
‘he minute volume at this site ranged between 53 and 76 ml. per minute (for 
iormal adults this figure is from 80 to 120 ml.). The auseultatory and recorded 
‘ystolic pressures were quite uniform, but the recorded diastolic pressure was 
bout 20 mm. Hg above the auseultatory diastolic pressure which is in keeping 
vith the literature. Also in this study it has been found that there is no 
orrelation between the pulse pressure and the minute volume which is also 
i keeping with studies by other methods. 














» & Cling Med 
November, [9S 


Va 


$22 CENTRAL SOCLETY FOR CLINICAL RESEARCH 


70. THE INFLUENCE OF MODIFICATION OF INTESTINAL FLORA 
UPON CHOLINE UTILIZATION 


DANIEL L. JONES, PH.D., AND J. DE LA HLueRGA, M.D. 
’ 
CHicaco, IL. 


(INTRODUCED BY IIANS Poprrer, M.D.) 


According to previous investigations, in normal subjects more than 090 
per cent of ingested choline is decomposed by intestinal bacteria to trimethyl- 
amine which is excreted in the urine. In liver disease this intestinal choline 
decomposition is reduced. The urinary trimethylamine excretion is not in- 
creased when choline is given intravenously nor when broad spectrum anti- 
biotics are administered orally with choline. Also when large amounts of 
starch are fed trimethylamine formation from choline is significantly in- 
hibited. 

To study whether altering the intestinal flora by feeding of bacteria 
influences choline metabolism, a lactobacillus preparation (Bacid Culture ) 
was fed for several days prior to ingestion of 4 Gm. of choline to 12 hospital 
control patients. These acid-producing lactobacilli were found not to attack 
choline in culture mediums. Total counts were made of stool before treat- 
ment for gram-negative rods, gram-positive cocci, anaerobic spores, yeasts, 
and molds, and anaerobie and aerobic lactobacilli; the urinary trimethylamine 
excretion was determined after choline feeding. The lactobacillus culture 
was fed at meal time for one week, and then during continued feeding the 
intestinal flora and the urinary trimethylamine excretion after feeding the 
test dose of choline were again examined. The feeding of lactobacillus eul- 
ture reduced the number of gram-negative rods and gram-positive coeei by 
over 90 per cent with an accompanying rise of lactobacilli from a few hundred 
to several millions per gram of feces. The increase of the urinary trimethyl- 
amine excretion following the test dose of choline was reduced ranging from 
27 per cent to 95 per cent (average 48 per cent) in comparison to the pre- 
treatment period before alteration of the bacterial flora. It can be assumed 
that under such circumstances a much greater amount of administered 
choline is utilized. These findings emphasize the importance of the role of the 
intestinal bacteria in the utilization of choline. 





71. AN ASSAY TECHNIQUE FOR EVALUATING THE EFFECT OF 
DIETARY CONSTITUENTS ON HYPERCHOLESTEREMIA 


RicHarp J. Jones, M.D., SHELDON HurFMAN, M.A., AND EUGENE L. Barrer, B.A. 
CricaGco, Iu. 


(INTRODUCED BY Emmet B. Bay, M.D.) 


Recently we have been interested in the ability of a cholesterol-free 
residue of mammalian brain to lower the serum cholesterol in cholesterol-fed 
chicks. In order to isolate the active fraction of this residue for human trials, 
a crude assay technique employing the serum cholesterol level of such birds 
was devised. 

White Rock or New Hampshire cockerels were obtained at exactly & 
weeks of age and placed on a diet of starter mash, 1 per cent cholesterol, 10 
per cent cottonseed oil, hereafter called the control diet. After two weeks on 
this diet, the birds were shifted to a new dietary mixture, similar to the con- 
trol diet except that 5 or 10 Gm. of the chick starter mash was replaced by 
an equal weight of the dietary constituent to be investigated per 100 Gm. of 
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feed. The birds were fed 100 Gm. per day per bird, individually or in groups 
of three, and diet consumption measured. Serum cholesterol was determined 
on alar vein blood from each bird on the fifth and seventh days of each week. 
After a week on an experimental diet, the control diet was resumed for one 
week, after which experimental diets were reinstituted on alternate weeks 
until the bird reached 18 to 20 weeks of age. Beyond this period responsive- 
ness, and especially the return to a rising cholesterol level, is variable and 
random fluctuations in serum cholesterol may occur. Illness, as indicated by 
loss of weight or appetite, will vitiate results. 

A fairly consistent reduction of about 25 per cent in the level of serum 
cholesterol below that level anticipated from the control periods occurred on 
feeding the erude cholesterol-free, lipid-poor brain fraction as the experi- 
mental constituent. A cerebroside fraction, rich in phrenosin, was also active. 
Certain proteins, including casein, and mixed soybean sterols also had a hypo- 
cholesteremic effect, while dextrin, a pure carbohydrate, had a hypereholester- 
emie effect. 


72. PRODUCTION AND REPAIR OF EXPERIMENTAL LIVER 
DYSFUNCTION IN MAN BY MODIFICATIONS OF DIETARY PROTEIN 


Rospert M. Kark, F.R.C.P., M. K. Horwirr, M.D. (By INviration), AND 
W.S. Roruweui, Pu.D. (By INviration ) 
CuicaGco, IL. 


Recent investigations of kwashiorkor have given prominence to the re- 
lationship between chronic protein malnutrition and hepatic disease. In a 
study on the effect of dietary modifications of tryptophane intake in man, a 
diet relatively low in protein was fed to 31 men for periods from 365 to 458 
days. Evidence of liver dysfunction was found in several subjects, while rats 
fed the same diet developed fatty livers. The abnormalities in both species 
were prevented or repaired by supplementing with protein. The basal diet 
for the men provided 2,300 calories, 6.5 Gm. of protein nitrogen, and 92 Gm. 
of fat. Food consumption was controlled at levels of 90 to 120 per cent of 
the basal diet depending upon the appetite of the individuals, as determined 
during a two-month preliminary period. Evidences of liver dysfunetion 
which were repaired by protein suplementation included enlargement of the 
liver, abnormal retention of injected Bromsulphalein and abnormal levels of 
lactic and pyruvie acids in the blood after the oral administration of glucose. 
Supplementation of the deficient diet with 1 Gm. of lysine for 97 days, or 330 
me. of methionine for 97 days followed by 1.5 Gm. of choline for 59 days, or 
with 10 Gm. of lactalbumin for 159 days had little, if any, ameliorative effect. 
Supplementation with 30 Gm. of lactalbumin or feeding a “normal” diet 
providing 70 Gm. of protein/day was curative. 


73. ADJUSTMENTS OF CORONARY FLOW TO THE WORK OF THE 
HEART 
ARNoLp M. Katz, A.B. (By Invitation), Louis N. Katz, M.D., AND FRANCIS Ih. 
Winuurams, B.S. (By INvitation ) 
CuHicaco, ILL. 
WIth THE TECHNICAL ASSISTANCE OF KUGENE Boyp (By INvitaTION) 


Total coronary flow has previously been determined in the isolated heart. 
In the open-chested animal, coronary flow has been partially measured pri- 
marily by eannulating one coronary artery or the coronary sinus. In the 
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present study, total coronary outflow was measured in the open-chested dog 
except for the small fraction draining into the left heart (Rodbard, Graham, 
and Williams, J. Applied Physiol., in press). The work of the left ventricle 
was varied by altering aortic resistance with a mechanical resistor, or by 
changing the amount of blood delivered by a pump. Measurements were made 
of coronary flow, left ventricular output, carotid and left auricular pressures, 
and oxygen contents of systemic arterial and coronary mixed venous blood. 

Coronary flow, at steady states, varied from 7 to 40 per cent of the eardiae 
output. In addition to usual correlations, a three-dimensional plot was made 
for each experiment permitting evaluation of the independent effects of blood 
pressure and eardiae output on coronary flow. No correlation was observed 
between cardiae output and coronary flow except at high blood pressure levels. 
Thus, high output, unlike hypertension, fails to provide directly for the 
energy needs of the heart by increasing coronary flow. 

At high pressures, high cardiac output was associated with increased 
coronary flow, at the same mean blood pressure. This phenomenon was not 
observed in experiments in which arterial hypoxemia was minimized, suggest- 
ing that high work levels in a hypoxic heart produce an active dilatation of 
the coronary bed. The presence of active dilatation under these conditions 1s 
further borne out by the disproportionate increase of coronary flow per in- 
crement of blood pressure at higher pressure levels. This dilatation is similar 
to that causing a progressive increase of coronary flow in experiments in 
which hypoxemia developed. 

These results indicate that active coronary dilatation occurs whenever 
oxygen extraction from the blood and coronary flow at the given perfusion 
pressure are not sufficient for the oxygen needs of the heart. When active 
dilatation also becomes inadequate, the heart fails. Failure also occurs when 
coronary flow decreases following elevation of pressures in the right heart. 


74. TREATMENT OF “ESSENTIAL HYPERTENSION” IN| DOGS 
WITIT RENIN AND ANTIRENIN 
JEROME Karz, B.S. (By INviration), Joseru Il. Skom, M.D. (By INviration ), 
AND G. FE. WAKERLIN, M.1. 
CHicaco, Itt. 


Six dogs, three male and three female, with spontaneous (essential?) hyper- 
tension were each given daily intramuscular injections of semipurified renin 
from hog kidney cortex, for periods varying from four to nineteen months. 
Spontaneous hypertension in dogs is defined as a persistent mean blood 
pressure in excess of 140 mm. Hg as measured by direct femoral artery 
puncture, in the absence of obvious renal or other disease. Five dogs, each 
of which produced at least three to five units of antirenin to dog renin per 
ml. of plasma, showed a decrease in blood pressure to normotensive levels, 
without other physiologic changes or ill effects. These dogs showed greater 
antirenin titers to hog renin than to dog renin, whereas renal hypertensive 
dogs show the same titer. After treatment, there was a gradual increase in 
blood pressure which was correlated with a decrease in antirenin titer to 0. 
The sixth dog, which did not produce antirenin, developed a pressor response 
averaging 50 mm. He, with return to pretreatment blood pressure levels after 
therapy ceased. Control tissue extracts were without antihypertensive or 
pressor effects. Preliminary passive immunization experiments with antirenin 
suggest an antihypertensive effect correlated with the passively produced anti 
renin titer. These results constitute strong evidence for the role of renin (or 
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a closely related substance) in the pathogenesis of spontaneous hypertension 
in dogs. The possible relation of the latter to essential hypertension in man is 
deserving of thorough study and will be diseussed. 


7. THE LONG-TERM PROGNOSIS FOLLOWING MYOCARDIAL 
INFARCTION 


Louis N. Karz, M.D., Davin R. Cote, M.D. (By INviratrion ), AND 
EVELYN B. Stngian, M.D. (By INviratrion ) 
CHicaco, Tun. 


In the Heart Station files between 1932 and 1942, four hundred sixty-one 
cases were found of first acute myocardial infaretion suitable for study. A 
complete follow-up was possible in 390 cases to the time of death or until 
Jan. 1, 1952. Of these 23 per cent died within the first two-month period. The 
remaining 77 per cent survived this initial period. Two-thirds of these sur- 
Viving 28) patients lived over five years, two-fifths of them lived over ten 
years, and one-tenth lived over fifteen years. The average life expectancy of 
the 285 patients was slightly over eight vears. This is longer than previously 
reported. The better prognosis found in the present study was due to two 
factors: (1) only patients with their first attack of myocardial infarction 
were included and (2) a large number were followed over five vears. 

There is a large group of the benign form of acute myocardial infarction 
with long-term survival, in addition to the immediately fatal cases and those 
surviving for only a year or so. Any new procedure, whether medical or 
surgical, claiming to prolong the life of surviving myocardial infaretion 
patients must, therefore, be evaluated in terms of the more protracted ex- 
pectaney now being revealed under the ordinary ceremonies of management. 

An attempt was made to determine the factors affecting the immediate 
and long-term survival. Age at onset, pre-existing hypertension, angina pectoris, 
and diabetes mellitus were of importance in determining survival. So was 
the occurrence of “shock,” congestive failure, and pulmonary embolism follow- 
ing the attack. Certain laboratory data also are helpful. 

Almost two-thirds of the survivors were able to return to moderate or 
complete activity after convalescence. The best index to prognosis after re- 
covery seems to be the ability to resume activity. 

In 171 of the patients surviving over two months, the cause of death 
was known. In 94, it was due to a subsequent myocardial infarction; in 29, 
to congestive failure; in 31, to arteriosclerosis and its complications. Only 
17 were attributable to noneardiovascular complications. The need is obvious, 
therefore, of establishing the mechanism of atherosclerosis and the factors 
that ean be employed to prevent and treat it. 


76. CLINICAL AND LABORATORY CORRELATION OF 
THE BALLISTOCARDIOGRAM 
FRANK J. Ketiy, M.D., AND GrorGE W. Curp, JRr., M.D. 
Houston, TEX. 
(INTRopUCED BY C. L. Spurr, M.D.) 
In view of the rapidly expanding clinical use of ballistocardiography the 
following observations on 600 hospitalized patients seem worthy of reeording. 


The electromagnetic. (Dock type) instrument containing a 70 microfarad con- 
denser was used and tracings recorded by means of a Cambridge string 
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gvalvanometer. Records were made in the supine position during quiet respira 
tion and while the breath was held in inspiration and in expiration. The 
criteria and grading system of Brown, Hoffman, and De Lalla were used. 

Among 204 patients without clinical, electrocardiographic, or roentgeno- 
vraphic evidence of heart disease or conditions which might affeet the eardio- 
vascular system, 67 per cent of those under 40 vears of age and 19 per cent of 
those over 40 years of age had “normal or borderline” ballistocardiograms. 
(Girade 1 or 2 ballistocardiograms were observed in 25 per cent under 40 and 
40 per cent over 40 years, and grade 3 or 4 ballistocardiograms noted in 9 
per cent of those under 40 and in 41 per cent of those over 40 years of age. 
Among 42 patients with myocardial infarction (7 under 40 years of age) 0 per 
cent had “normal” ballistocardiograms, 19 per cent grade 1 or 2, and 76 per 
cent grade 3 or 4 tracings. Fourteen cases of essential hypertension presented 
the same type of distribution of ballistocardiograms as did the “normal” 
group. Ina group of 46 patients with hypertensive heart disease, 70 per cent 
of whom were over 40 vears of age, the following ballistoecardiograms were noted : 
“normal,” 12 per cent, grade 1-2, 33 per cent, and grade 3-4, 55 per cent. 
Thirty-six patients with valvular heart disease, symptomatic in most. cases, 
presented the following types of ballistoeardiograms: those under 40 vears of 
age, 70 per cent “normal,” 30 per cent grade 1 or 2, and 0 per cent grade 3 
or 4; over 40 vears of age, 19 per cent “normal,” 42 per cent grade 1 or 2, and 
39 per cent grade 3 or 4. Those patients having aortic insufficiency with or 
without other lesions and with or without failure all had “normal” or grade 1 
ballistoeardiograms with one exception who also had a myoeardial infarction. 

The effects of nitroglycerine and of changes in serum electrolyte con- 
centration will be discussed. Of interest were two patients with coarctation 
of the aorta who demonstrated loss of characteristic ballistoecardiogram altera- 
tions following nitroglycerine. 


7. THE INDUCTION OF MYOCARDIAL LESIONS BY A 
COXSACKIE (PLEURODYNIA) VIRUS AND CORTISONE 


Epwin D. KitBourNg, M.D., Dororuy Prerrigr, B.A., AND CHARLES WILSON, B.S. 
New ORLEANS, A. 


(INTRODUCED BY GEORGE EK. Burcu, M.D.) 


Coxsackie viruses are defined by their predilection for infant mice and 
hamsters and their inability to induce fatal disease in adults of these species. 
It has been demonstrated (Kilbourne and Horsfall, 1951) that the administra- 
tion of eortisone to the adult mouse changes this state of intrinsic resistance 
to one of marked susceptibility terminating in death. Infection of the 
cortisone-injected adult mouse is attended by prolonged viremia associated 
with the presence of demonstrable virus in the liver, spleen, lung, brain, and 
pancreas. Injection of normal adult mice results in viral multiplication and 
pathologie changes exclusively confined to the pancreas (Pappenheimer and 
associates, 1951). 

In the present investigation efforts have been made to adapt a strain of 
Coxsackie virus to the adult mouse by serial passage in the cortisone-injected 
host. The virus employed (tentatively classified as a Dalldorf Group B 
strain) was recovered directly in cortisone-injected adult mice from the stool 
of a patient with epidemic pleurodynia. Viral passages have been effected 
by the intraperitoneal inoculation of 10°? brain suspensions in C.F.W. mice 
concomitantly injected with 5 mg. of cortisone acetate. On the eleventh 
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passage gross necrotic lesions of the myocardium were discovered by chance. 
Subsequent investigation of this phenomenon has addueed the following in- 
formation : 

1. Lesions are associated with the presence of virus in the myocardium. 

2. Lesions are prevented by specific viral antiserum. 

3. Cortisone is a requisite for the induction of gross lesions, but micro- 
scopically discernible myocarditis may occur in later passages with virus 
alone. 

4. Small, focal areas of myocardial necrosis may be found in mice given 
cortisone, but no virus. Such lesions appear to differ qualitatively and 
quantitatively from those associated with the administration of virus. 

5. Repetition of the initial and fourth viral passages with cortisone 
resulted in microscopically but not grossly evident myocarditis. It is thus 
probable that a degree of viral adaptation to the cortisone-injected adult has 
been accomplished by passage. 

These experiments demonstrate that a hormone-viral synergism may be 
effected to induce devastating pathologie change in a “resistant” host. 


78. THE MAXIMAL RENAL TUBULAR REABSORPTION OF 
FRUCTOSE IN NORMAL AND DIABETIC MAN 


WaLreR M. KIRKENDALL, M.D. (By INviration), Davin W. Sinton, M.D. (By 
INVITATION), AND JAMES W. CULBERTSON, M.D. 
lowa City, La. 


The maximal tubular reabsorption of fructose (Tm,) by the kidney has not 
been satisfactorily demonstrated in man. Using arterial blood samples, rela- 
tively stationary plasma fructose levels and sodium thiosulfate as the measure 
of glomerular filtration rate, we attempted to find this value. We gave hyper- 
tonie solutions of fructose to five diabetic patients, and to seven other persons 
without significant disturbance of their carbohydrate regulating mechanism 
or kidneys, and obtained plasma fructose levels up to 675 mg. per 100 mm. 
In most subjects plasma glucose levels steadily rose during infusion of 
fructose, reaching values of 240 to 357 mg. per cent glucose in the diabetics 
(none of whom had had insulin for twelve to twenty-four hours). 

Below plasma fructose levels of 100 mg. per cent two normals reabsorbed 
fructose at rates of 38 to 118 mg./min./1.73 square meters of body surface 
area, while three diabeties reabsorbed fructose at 40 to 90 me./min. At 100 
to 200 mg. per cent of plasma fructose three normals reabsorbed fructose at 
rates of 40 to 92 mg./min. and three diabetics reabsorbed it at 56 to 92 
mg./min. At levels of 200 to 300 mg. per cent three normals reabsorbed 
fructose at 60 to 102 mge./min. and four diabetics at 40 to 104 me./min. In 
range of 300 to 675 mg. per cent plasma fructose five normal persons re- 
absorbed fructose at 40 to 130 mg./min. Exeept for two normals who had 26 
and 81 per cent rises in fructose reabsorption as the serum fructose levels 
rose from 130 to 385 and 200 to 675 mg. per cent, respectively, there was no 
significant rise in reabsorption of fruetose above plasma levels of 60 mg. per 
cent. 

We conelude that the Tim; in man varies from 40 to 130 mg./min. Satura- 
tion of all tubular reabsorptive mechanisms probably occurs at serum fructose 
levels under 100 mg. per cent in most normal persons. Diabeties have Tm, 
values similar to normal persons and these are not altered at increased plasma 
elueose levels. Fructose is a potent osmotie diuretic at high plasma levels. 
\t 675 me. per cent plasma fructose one normal had a urine flow of 36.7 
ml. /min. 
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7. CLINICAL STUDIES OF AN ANTIEMETIC: AGENT, 
CHLORPROMAZINE 


Ratner W. WNight, M.D... Barris KENT, M.D... GkorGe Morris, M.D... 
AND STANLEY RoGers, M.D. 
Ilousrox, TEX. 


(INrropucED By J. H. Moyer, M.D.) 


Chlorpromazine (10-(y-dimethylaminopropy1)-2-chlorophenothiazine hydro- 
chloride) (S. WK. FL 2601-4), in preliminary laboratory and = clinical studies, 
exhibits antiemetie properties, presumably by central nervous system block of 
vomiting reflexes. This is a preliminary report on seventy-one patients with 
established nausea and vomiting who received chlorpromazine, 25 me. to 50 me. 
orally or parenterally. A majority received one to four doses. Fifty-four had 
excellent, fourteen good, one fair, and two poor, control of their nausea and 
vomiting. With variations from mild to marked degree, forty-one exhibited 
sedation, twenty-six dizziness, fifteen dry mucous membranes, sixteen tacehy- 
cardia, fifteen hypotension, 

Highteen in this series received chlorpromazine for three to twenty-four 
days, with an average course being 7.5 days; frequency ranged from once 
daily to every three hours. The over-all control of nausea and emesis was: 
twelve excellent; five good; one fair. In varying degrees, fourteen exhibited 
sedation, six dizziness, three dry mucous membranes, seven hypotension. 
Three patients in the total series, receiving only one dose of chlorpromazine, 
exhibited significant side effects. 

Kight additional normal adults without nausea and on no medications 
were given one 50 me. dose of chlorpromazine. Seven exhibited sedation, 
three dizziness, two dryness of mouth, two slight hypotension. Six of these 
receiving 50 mg. intramuscularly and electrocardiographic studies immedi- 
ately prior and one hour later exhibited no significant electrocardiographic 


changes. 


SO. STUDIES ON TILE METABOLIC SIGNIFICANCE OF 
ACTD-FASTNESS OF TUBERCLE BACTLEI 


Dirrer Kocu-Weser, M.D. (By INviratrion), Roperr Il. Esperr, M.D.. 
Winttiam R. Barciay, M.D. (By INvirarion), AND Vivian S. LEE, M.A, 
(By INvIration ) 

(nH1eaco, IL. 


Acid-fastness of tubercle bacilli has great diagnostic and morphologic 
significance. Its metabolic implications, however, have not been fully studied. 
To investigate this problem the acid-fastness of tubercle bacilli was correlated 
with growth (nephelometry) and oxidative activity (tetrazolium reduction ) 
in liquid medium. 

During growth all tubercle bacilli are acid-fast and there is a constant 
relationship between the number of bacilli and tetrazolium reduction, In 
the resting phase bacilli remain acid-fast and, although growth has stopped, 
tetrazolium reduction continues and they always grow in subcultures. If 
streptomycin (50 vg/ml.) is added to the medium, growth and tetrazolium 
reduction stop a few days later. However, acid-fastness remains unchanged 
and the bacilli always grow in subcultures. 

Isoniazid (10 pve/ml.) inhibits growth and tetrazolium reduction at a 
much slower rate than streptomycin, and parallel to the progressively de- 
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creasing growth and tetrazolium reduction the number of acid-fast bacilli 
decreases and of nonacid-fast bacilli increases. Seven to ten days after the 
isoniazid is added growth and tetrazolium reduction stop and none of the 
bacilli present are acid-fast. These nonacid-fast tubercle bacilli will not grow 
when subcultured. 

In two experiments growth could no longer be measured eight days after 
the addition of isoniazid, but small amounts of tetrazolium continued to be 
reduced and from 5 to 20 per cent of the tubercle bacilli remained acid-fast. 
Subsequently growth and tetrazolium reduction increased again, and after 
twenty days only acid-fast isomlazid-resistant bacilli were found in_ the 
medium, 

It was shown that the loss of acid-fastness under the influence of isoniazid 
eccurs on solid medium as well as in liquid medium and in the presence or 
absence of Tween. 

It would therefore appear that the loss of aeid-fastness when exposed to 
isoniazid is a sign of metabolic death of tuberele bacilli, whereas retention of 
acid-fastness in bacilli exposed to isoniazid or streptomycin is associated with 
viabilty of such organisms. 


Sl. AN ANATOMICAL STUDY OF TILE CAUSES AND ASSOCLATED 
PATHOLOGY IN 673 AUTOPSIED CASES OF MASSIVE 
GASTROINTESTINAL TE MORRITAGE 


DoNnaLp D. Kozouu, M.D., M.S., Ames M. KANE, M.D. (By INviratrion ), 
AND Karu A. Meyer, M.D. (By INviratrion ) 
CHicaco, Inn. 


The number of reports of autopsy material concerning gastrointestinal 
hemorrhage has lagged far behind a rather voluminous c¢linieal literature. 
Therefore, a study to determine the anatomical cause of hemorrhage was 
undertaken. The protocols of 28,400 consecutive autopsies at Cook County 
Hospital were reviewed. Massive gastrointestinal hemorrhage was found in 
673 eases; in 310 cases it was the cause of death, and in 365 cases it was 
contributory or incidental to the cause of death. Correlating the clinieal im- 
pressions with the findings at autopsy revealed the inaccuracy of present 
inethods of diagnosis. Fatal hemorrhage occurred most frequently from 
esophageal varices. Gastrie ulcers, the second greatest cause of fatal hemor- 
rhage, occurred more often, bled more frequently and with greater severity 
than duodenal uleers which was the next largest group. The fourth greatest 
cause of fatal hemorrhage was aneurysms rupturing into the gastrointestinal 
tract. Wemorrhage associated with carcinoma comprised the fifth group. 
The infrequeney of fatal hemorrhage in often diagnosed lesions as diver- 
ticulitis, colitis, gastritis, and others was noted. In 25 cases no morphologic 
cause could be aseribed to the bleeding; these were considered parencehyma- 
tous in nature and were fatal in four instances. 

Total bleeding was found in all ages including newborn infants. The 
ereatest incidence of fatal hemorrhage occurred among the fifth, sixth, and 
seventh deeades of life. There was a 4:1 predilection of the male sex and the 
white race, 

The associated pathology was investigated in all bleeding cases and there 
ippeared to be an increased incidence of hypertensive heart disease, coronary 
sclerosis, nephrosclerosis, and syphilitic aortitis from the amount usually 
iseribed to autopsy. In peptic ulcers the incidence of hepatobiliary disease 
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and goiterous lesions was increased. Other variations of associated pathology 
from the usual incidence were noted. 

This basie anatomical approach to the problem of gastrointestinal hemor- 
rhage may stimulate other similar correlations and helps to point out the 
marked variance between the clinical and morphologic diagnosis of gastro- 
intestinal hemorrhage. 


82. MECHANISMS OF INTERMITTENT VENTRICULAR BIGEMINY 


RicHARD LANGENDORF, M.D., AND ALFRED Pick, M.D. (By INvitratiIon ) 
CHicaco, Tun. 


Bigeminy, i.e., the continuous alternation of short and long ecyeles, can result 
from a number of disturbances in either formation or conduction of the 
cardiac impulse. The present report deals only with bigeminy due to active 
ectopic impulse formation in the ventricles. By studying the factors that 
determine initiation, perpetuation, and intermittence of this form of bigeminy, 
it was hoped to gain insight into the mechanism of ventricular premature 
heats. 

Analysis of 16 records from 13 patients with auricular fibrillation, and 15 
records from 13 patients with sinus rhythm, led to the following classification 
of intermittent ventricular bigeminy. 

A. Cases suggesting a re-entry mechanism. These were divided into Group 
[ characterized by a fixed coupling in the presence of an irregular dominant 
rhythm (whether due to auricular fibrillation or sinus arrhythmia), and Group 
II characterized by progressive lengthening of coupling, in which the spacing 
of interectopic intervals did not support a parasystolic mechanism. 

B. Cases with varying coupling in which the spacing of the ectopie beats 
suggested a parasystolic mechanism. These were divided into three groups. In 
(rroup I the interectopic¢ intervals indicated a continuous parasystolie pacemaker. 
Intermittence of the resulting bigeminy was accounted for by interference in the 
ventricles, due to the normal refractory phase. In Group II the spacing of the 
ectopic beats indicated a continuous parasystole with intermittent exit block 
(exemplified by an instance in which this spacing showed the characteristie strue- 
ture of Wenckebach periods). In Group III the intermittenee was due to spon- 
taneous intermittence of impulse formation in the parasystolie pacemaker, or 
temporary disappearance of its protection. 

In a group of digitalis-induced intermittent bigeminy in patients with 
auricular fibrillation (Group A-I), careful analysis revealed a definite relation- 
ship between the appearance of the ectopic beats and the duration of the eyele 
preceeding the beat to which the ectopie beat was coupled; a long evele tended 
to initiate bigeminy whereas a short cycle tended to terminate or to preclude it. 
An explanation for this mechanism is presented and the criteria are given for the 
distinction from a similar pattern produced by aberrant ventricular conduction 
of supraventricular impulses. This differentiation is significant clinically. 


83. THE EFFECT OF CHOLECYSTOSTOMY UPON SUBSEQUENT 
GALL BLADDER FUNCTION 
JoHN A. LAYNE, M.D. 
GREAT FAs, Monv. 


The material for this study consisted of 36 individuals who had had 
choleeystostomy for empyema of the gall bladder or acute cholecystitis. Stones 
were present in 27 instances at the time of the gall bladder drainage. Thirty 
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two of the individuals were female. Cholecystograms were performed from 
four months to forty-three years after the cholecystostomy (average, 15.6 
years). 

Subsequent cholecystographic examination revealed normal visualization 
without caleuli in 11 instances; there was normal visualization plus ecaleuli 
in 10 instances. The gall bladder did not visualize in the remaining 15 in- 
stanees; in 4 of these, radiopaque calculi were observed. Inasmuch as the 
majority of these individuals had operations because of acute inflammatory 
disease of the gall bladder, choleeystograms frequently had not been per- 
formed prior to surgery. In the seven instances in which cholecystograms 
performed before cholecystostomy were available for comparison with chole- 
cystograms performed later (average, 10.6 years later), the results in the 2 
choleeystographie studies were essentially the same. Ten of the 36 patients 
subsequently had cholecystectomy because of persistence of symptoms. These 
gall bladders, when removed, showed the changes of chronie cholecystitis and 
choleeystie fibrosis. 


84. DEPRESSION OF GONADOTROPIN EXCRETION AS A METHOD 
FOR THE ASSAY OF ESTROGENS IN THE HUMAN SUBJECT 


Ropert B. Leacu, M.D. (By INvirarion), IcHtro Tokuyama, M.D. (By 
INVITATION), ©. ALVIN PAULSEN, M.D. (By INvitation), AND 
WituraAmM O. Mappock, M.D. 

Derrorr, Micu, 


Several clinical methods for assaying estrogens have been devised, in 
which criteria such as alleviation of menopausal symptoms or induction of 
“withdrawal bleeding” have been used for comparing estrogenic potency. 
Kach of these procedures, however, has definite shortcomings and the need 
remains for methods which are objective and accurate and ean be performed 
in readily available subjects. 

Therefore, the ability of estrogens to deerease urinary gonadotropin 
excretion was studied in 21 postmenopausal or castrated women to determine 
if this property would afford a useful method for comparing estrogens in the 
human subjeet. The ovarian weight of immature female rats was used to 
determine urinary gonadotropin levels. Assays were performed before, and 
at approximately one-month intervals during therapy. T*ive oral estrogen 
preparations were studied: diethylstilbestrol; conjugated estrogens equine 
(Premarin); potassium estrone sulfate; estradiol; and potassium estradiol 
sulfate. Relatively small changes in estrogen dosage produced clear-cut 
differences in gonadotropin excretion. Whereas 0.5 mg. diethylstilbestrol 
daily produced a significant decrease in gonadotropin excretion in only one of 
six patients, 1.0 mg. produced definite suppression in each of seven patients. 
The other estrogens were less potent than diethylstilbestrol. Conjugated 
estrogens, equine was one-half, potassium estrone sulfate was one-fourth, and 
estradiol and potassium estradiol sulfate were one-fifth, as potent as diethyl- 
stilbestrol. These ratios are in general agreement with those obtained by 
workers employing other criteria for comparing estrogenic¢ activity. It is con- 
cluded that the determination of the minimal amount of estrogen necessary to 
decrease the urinary gonadotropin excretion of postmenopausal or castrated 
women affords a method for comparing the potency of estrogens which is ae- 
curate and objective and ean be performed in readily available subjects. 
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85. EFFECT OF ANTIBIOTIC USAGE IN THE HOSPITAL ON THE 
INCIDENCE OF ANTIBIOTIC-RESISTANT STRAINS AMONG 
PERSONNEL CARRYING STAPHYLOCOCCI 


Mark HH. Leprer, M.D., Harry F. Dowiinc, M.D., GrorGE GEE JACKSON, M.D. 
(By INviration), BarBARA Mouuron, M.D. (By INviration), AND 
ILaroLp W. Spies, M.D. (By IXNviration ) 

CHicaco, Iu. 


Previous studies have indicated that when penicillin and the tetracyeline 
antibiotics are administered to patients, a high incidence of strains of staphylo- 
cocci resistant to these antibiotics develops among hospital personnel and is an 
important epidemiologic factor in the spread of these strains to patients and 
the community. In order to study the factors concerned with the development VO 
and perpetuation of such a reservoir, the impact of a new antibiotic “erythro- 
mycin” has been investigated. Erythromycin was substituted for penicillin 
in the treatment of almost all patients in one hospital for a five-month period, 
Tetracycline drugs were used as indicated. Near the end of the five-month 
period penicillin was reinstituted as the principal antibiotic used for treat- 
ment of patients. 





During the five months in which erythromycin and the tetracyvelines were 
used and penicillin restricted, the incidence of antibiotic-resistant strains of 
staphylococci among the carrier personnel changed as follows: 


Erythromycin at start of study, 0 per cent resistant, at the end 
of first month, 6 per cent resistant, second month, 25 per cent, third 
month, 50 per cent, fourth month, 64 per cent, fifth month, 70 per 
cent. 

Penicillin at start of study, 50 per cent, first month, 45 per cent, 
second month, 387 per cent, third month, 32 per cent, fourth month, 
32 per cent, fifth month, 55 per cent. 

Aureomyein at start of study, 35 per cent, first month, 40 per 
cent, second month, 64 per cent, third month, 66 per cent, fourth 
month, 60 per cent, fifth month, 80 per cent. 


Following the change from erythromycin back to penicillin with the 
tetracveline drug usage remaining the same, the incidence of antibiotie- 
resistant strains of staphylococei among the personnel changed as follows: 


Erythromycin at sixth month of study, 33 per cent, seventh 
month, 40 per cent, eighth month, 33 per cent, ninth month, 28 per 
cent. 

Penicillin at sixth month, 60 per cent, seventh month, 60 per cent, 
eighth month, 61 per cent, ninth month, 83 per cent. 

Aureomyein at sixth month, 60 per cent, seventh month, 60 per 
cent, eighth month, 75 per cent, ninth month, 58 per cent. 


The factors concerned in establishing and maintaining carrier pools of 
resistant organisms inelude such factors as organisms brought in by the 
patient, percentage of patients receiving a given antibiotic, the development 
of resistant strains in treated patients, and the facility of spread from patients 
to personnel and personnel to patients. 


(To be concluded in the December issue.) 








